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SYNOPSIS 

Om Prakash Yadav, K.Tech. (I'lach.), Indiati Institute 
of Technology, Kanpur, Septombor, 1972, "Job - Shop 
Scheduling". 

A simulation experinoat has boon designed to test 
the performance of di.fferent combinations of iob assignment 
and labor assignment rules for a job shop. The performance 
of Job Assignment Pules and Labor Assignment Rules have been 
tested with respect to the crj.tcria of minimizing Flow - Time, 
Job-Lateness, Idle - Time, Job - Tardiness and number of jobs 
completed later than their duo - dates. Effects of varying 
the number of operators in the shop has also boon tested. In 
addition to this, effect of higher arrival rates on the per- 
formance of different assignment rules has boon considered. 

It has been found that the performance of set-up - time - 
oriented rules (rules which give priority to the jobs which 
have minimum change - over tine) imp rove with the increase of 


arrival rate. 



CriAFTER 1 


IRTRODUCTIOR 

Control over tlio detailGd oporations of large in- 
dustrial firiiis Ravo rocontly bocorae a subject for basic 
resoarcli. An industrial systeip is a combination of many 
intordepondont and interrelatod sub-systems. A simplified 
model of the planning cycle of a map.uf acturing type of cor- 
poration is sliowu in Fig. 1. An imuorto-nt aspect of indus- 
trial control is deciding upon the precise use of manufac- 
turing facilities at each instant of time. Several factors 
have to bo tah.en into account in ra''nlng these decisions, 
such as tliG availability of resources, costs of i.p-'plGmenting 
the deci si.ons and duo dates. This type of decision making 
is called "scheduling". The present work considers onlj^ 
'scheduling' sub-systom of tho planning cycle (Fig. l) . 

Industrial scheduling problom dj.ffer greatly from 
one firm to another. Sometimes tho ranu lecturing process 
consists of a soiulos of operations at one x-rork station on 
only one physical part?; at sorae other times operations re- 
quire very different labor skills and equipments o'n oach of 
the many thousands of sub-asserablies. Somot.lmos inven- 
tories of finished goods are raaintainod to satisfy customer 
demands?, at other times maintaining inventories becomes im- 
possible under all conceivable circumstances. Unique 
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foaturcs of tlio firms organisation, of tlio rjarkct, of plant 
capabilitios are always present. Because of such diversity 
and complexity of ixidustrial scheduling urobloms, it is 
impractical to account for every factor i.i' any singlo analy- 
sis. A foT/ special si i^plif ications ha^ve so far boon studied 
they are". 

(a) Finished - Goods Inventory Control : 

Individual items are stored until they are sold to 
tho customer . The reorder quantity and reorder point is 
docidod according to soifo critorioxi. Gonorally minimizing 
total cost (\diic]i includes i;:vontory carryi.ng cost, shortage 
costs aiid sot - up costs) or maximizing tli.j total profit 
( which is the differonco of selling price aiid tho total 
cost) or maiclmizing rate of invostmot (vdiich is profit / 
investment) are used as criteria to find, out how much to pro- 
duce and at wJiat time of a parti.cular product cycle. 

(b) Project Scheduling : 

A single project is •.n bo undortaken, consisting of 
a largo number of in^'' j viduaL jobs. Fvory job has a sot of 
immodiate -nroclocossors which must lio coi.iplotod before tho 
job can bo taken for processing. Thus there arc somo jobs 
which can be processed simultaneously while there arc 
others which are to bo done serially. The problem is to 
schedule indivi.dual jobs in such a way that the whole c-' • 
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= N’um'ber of identical machines in the i"^^ machine centre. 
Ci ” I5*.* .131} * 

m = Total numher of machine centres in the system, 

n = Total number of operators in the system, 

n.. = Efficiency of the operator on the i’^^ machine 
Cl *** j "" n.}# 

= Degree of centralised labor assignment control exer- 
cised at the machine centre i. Cl = 1, . . .m) . 

1 = Machine Centre selection procedure used in central 

control, 

= Queue discipline used at the i"^^ machine centre. 

Cr ■” I5 ... m) . 

= Mean arrival rate of jobs, 
u = Mean departure rate of jobs. 

FIG. 2 



THE SCHEDULING SUB-SYSTEM 
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project is coiiipLetol ley the duo - d3.t0.lf possiblo. This 
typo of schodu] ijig is also callsd 'iTotwork Schodiiling" . 


(c) Job Shop SchGdulj.ng Problam ; 

A job shop consists of sovera.l ■'.:orl: centres eelth 
djfforont capabilit ios. If required, a erorh coatro may bo 
a collection of -aiTy idoatical fac.llitios. Jobs arrive to 
the shop at randoD or uith a specific probability distribu- 
ti.on. A job has a fi-xod routing, and tlio duo datos aro fixed, 
Tho nrol'lo''’ is to scliodulo the jobs to :'',acli.lxio s in order that 

(j.) duo dates a.-o mot uhenovor possible or tho 
job lateness is iaj.-’d.misod, 

(ii) the tota.1 tine to conploto all jobs is 
Z'jd, or 


(iii) some other feasible critoj’ia. 


A schc'mati.c vi.'n/; of the job - shop scheduling sub- 
system is shewn in Fig. 2. 

Tho sys'l'-cm consists of r- machi.ac centres and n 
labourers. Fach ”^achino centre J.s corprisod of c. identi- 
cal machj.nos. The jobs arrive at the systop' with a spoci- 
fiod distribution. Fach job is doscribod by a job routing 
which specifics tho machine centres requii’pd to completely 
process the job and the sequence in whi.cji they must be 
employed. The problem is to schedule the jobs and the ope- 
rators in order to satisfy some criterion. 
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To docido a criterion lor sclioduling probloms is 
difficult task. Scheduling prohlonis arc pultiplc - critorj.a 
probloms and most of thorn aro conflicting to each other. 

For oxamplo, one typo of in-iorit,; rule for iob assignment 
may give- loss job latonoss but it r'ay Jneroaso the idle time 
in shop which ultimately rvesi''-].t.s in Irlgbor j.a-proccss invvcn- 
tor3r costs. A s^T'ctori of ^.roightages has to bo dociciod to get 
an integro-tod objectj.vo function. T1 i:j woightagos depend on 
the type of firi:' and rolativo Importance of duo dates etc. 

The job -• shop studios have teen focussed on iiiachi- 
no liiii-ltod systom.', systoi-is whose performance is in no way 
limited by la.bor ro sources. Conway (4) and others have 
simulated only a macliine li):iitod systora. Iiachine and labor 
limited system - v.rho>ro performance depend oii both inachj.no 
and labo]' resources, present }ie\r dimoxision to the problem 
with respect to tlio dogroo of control .in. work ass-lgimiont . 

The froodiom afforded by tli :> queue d.i scj.u.1.1 .nos (job assign- 
ment rules) .’IS •••nhancod by control ove'-' labo?" ass.i.gnmont 
procoduros. Labor assignmoo.t procedures ta]-:e,'. into account 
tlio quantity/' and quality the labor force, wh.lch are rele- 
vant factors affoctiny system performance. Tlio quant.lty and 
quality of labor are intor-relatod factors in the sense that 
various comb j.nat ions of the two can result j.n equivalent niir- 
formanco. Increasing tho s.izo of work force roducos the do- 
groe of freedom afforded in work assignment procedures, 
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thus docroasing ths rolativG offoctivonc ss cf a highly 
flozible vioTlz force. Thus considering labor and nachine 


limit od systom, a uide ra.ngG of practical do sign and control 
decisions such as the nature (shl.llod, so mi- skilled or un- 
sld.lled) and sizo of the la.bor force, th^ tvpo a^d extent of 
training programs to devolop la,bor floxibility, the degree 


of contralirod labor assignmonb control, 
assl gprioet procedure etc., can bo tai'oo. 


aac 


the detailed 


’■/lionovGr a job co-’plotos s .rvico on a machino , set- 
up ti-'io is ro quire ri i-,o ’nako blie i-'achino ready to process next 
job. The sot“Up ti-'i'cs will dopond on t.’io last job complotod 
on tho machine and the next job \;hich j.s to be processod on 
the machine. Most of tho workers have assumed tho set-up 
timu) as sequencu Indopondont . In practl.cal situation, the 
sot-up times are ]ij glily random and tho set-up times will bo 
varying v.ritli sonuonco of jobs. In sorm situations tho set- 
up times (i.'j. s rn'e-uu cost) "lay 1- so important that tli'.' cri- 
terion of imkii- .izing sot-up tj.mos ■ ay override other criteria 
such as ml.niirlzing job lateness, minimi zinp; idle tirae etc. 

Tho presort wor]- compares tho porformanco of sot-up time 
rules of job assignment against tho static and d^mamic rules 
for job assignment which do not considor any significance of 
sot-up times. 

Thus tho job-shop scheduling problem is to scliodulo 
jobs and opvirators to various machines in order to satisfy 
a chosen criterion. To choose a criterion is a difficult 
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j.n nature. 'Jliich of the criteria should ho gj ven noro weigh" 
tage 3 is a question v/hich can he answered only i.f a firm and 
its environriont are anal^/'zod critically. 

In this worli follox/ing criteria are studi.od - 

(a) Fj.nl’'\izi ng the flow tv-io oor job, (h) nininizir.g job 
lateness, (c) '“i iii zing idle tir^ of a job, (d) i-ninii^'izi.ng 
job tardiness and (o) wjjii'-niz'lrr; total jots late. I'achine 
ut j.li.sat j.on aad operator utilization are compared for diffe- 
rent combinations of job assignment rules ajid labor assign- 
i"ent rules, hulos considered for assigning a job to a 
Exachino aro ; 

Select a job having ' 

(a) tho' shortest service time (SST)^ 

(b) the nearest duo - dates (hiJDT), 

(c) tho least .sot - up ti.ine XlST) , 

(d) a set-up class whi.ch j'ollox/s Ifi.o sot-ujx class 
of last job Connie tod on IfK) macl'nlnc i.ij optJ.- 
rnal sot-un sequonen (opt;!/ al sot~up sequence 
is found by solving the t-'-avolling salesman 
problof'j, i.t i.s di.scussod i.'s Chapter 4), Ties 
aro brol'on by selectin';; a job wi.th noarost 
duo date, 

(e) samo as (d) excopt that ties aro brokon by 
seloctj.ng a job with min-lraum service time, 



9 


(f) ulio shortest process time (process tine is the 
sum of set-up ti.me and the service tine), 

(g) the least slack/operation, aiid 

(h) the largest service tine. 

t'/lienevor an operator is free and there aTo many 
machines which need this operator, then the machine is cho*^ 
sen according to Labour Assignment Rules. Follqw.i .'.g two 
rules for labour Ass.bgnmont are studied 

(a) A mach.1ne which started dabiand.i.ng an operator 
earlier is given priority (FDFS) , and 

(b) A nachino wh.lch has tho ma 2 n.mun number of jobs 
waiting for service is, given priority (I'AXQ) . 

The problem is dj.scussod in detail in Chapter 3. 



Clix^FT-HR - 2 


LITSRiTURR SURVEY 


Scheduling prohlens .Involve so many variables that 
it is di.ffj.cult or ratlier impossible to solve schedulirig 
problems completel],^ wlij.ch arise in different industries. 
Problems di.ffer very much fror' c ne fir^u to another fi.rm, one 
department to ariothor departme;it in the ii.rm and . Iso from 
one place to cuiother Tilace. It is not possible to de-velop 
a single, inetliod which can be used bo solve scheduling prob- 
lems of all firms. Uorkors have tried several methods to 
solve this problem. 

2 . 1 iethods Used !go Find Optimal Solution ; 

In these methods, the lorol^lcm is simplified by 
■"lahing so k; realistic assiv'ptione , igjiori ng variables whose 
effect is negligible for all -nractical purposes. Some of 
the methods vised are discussef.i below - 

John, son (1) developo'" a ’•‘■'etliocl. whi.cj^ can gi.ve 
Optimal Solut.bon for 2 machines f job problem, lie assumed 
that the secaienco oi.' operation on all ,iobs is the same, lie 
also extended his algorithm to solve a three r!ach.lne H job 
problem, witli some restrictions. In actual situati.ons num- 
ber of machines are large end also number of operati.ons are 
different on different jobs. Ills algorithm has l.lmited 
applications. 
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The other approach to the prohleia that is guaranteed 


to give an opth-'al solutj.on j s conplete ei'jiirerat.1 on, which 
has been studied ■ v h. Giffler aj'n; G.L. Thornon (25). Their 
first effort ■''■as to devise an a.lgo':ithi ^ for the corplete 
enumeration of all "active*' schedules. .An c\ctive schedule 
is a feasihlo sciiodule with (a) in 'aachins is idle for a 
length of tire sufficient to prO'Cecs completely a connodity 
simultaneously idle, and (h) wiieusver on asslgniriont of a 
co’-riodif'',' to a machJ.no has ’’■•een made ii.s process]. ng is star- 
ted at the earliest t.1mo that ho'bh 'the niacii-lne and the 
commodity a?'-':! free. All the active schediilcs are tested and 


one I'fn.l.ch g.ives optj.mal solutioj'i is selected. The solutj.on 
by this pothod :I.s co.>r'''Utat.1 o.nully unfoas.l'\le . Gi.hfer and 
Thomson solved a s.ln job, s.ln :.’ach.lne nro" lem and -ifre found 
that tlier."! w.^e r'4o02 active sea er ules osid comnutee ti.me talce.n 
was 70 ■■■minutes. Roc.l 'erohlo’-is lu. o i.mpossi.blo to sol.ve on 
coT’^'putor as th ■^y !'''vo1yo ’-uct 1 ■'.'.■go nu' ''^Grs of jobs and 
s'achie.ss . Tieir 'otlioi'’' is anollcahl.e osl'^r .for f.h'od -toch- 
nological socaionco oi^. a.!.! the jobs, Tlio / hovvC developed a 
sappl.ing teohni.rue wtiici' cua* 1 c uS'ed ia- got a^oproxi.mate 
solution, heller and Log’eisaiUi (3.4) also developed an algo- 
rithm for co.astruct Lo;. and ovi liuvtJ.on of .feasible sc.hedulos. 


Bowniaii (21), Wagner (23) Suod hai^uie (24) have triad 
to forraulate tho scheduling problem as an intogor programm- 
.Ing problem. These methods are also difficult to solve 
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computati cnallv. Bovnnan estiipates that formulatlrig a slmpla 

« 

prohlen involving three ,iobs and four Eiaciiines j.n his terms 
would require an .liiteger urogramming problem containing 300 
to 600 varia’^los and many more constraints. The formulation 
by Wagner of the probler would be of the same order of 
magnitude. Uanne's formulation, the most com.pact of the 
three, would a.pparantly require 31 variables and S4 cons- 
traints. In solving axi integer prograimaing problem by 
Gomory’ s cut algorithm, more constraints are added so that 
the ultimate number of constraints Trill bo considerably 
larger. Ilona of tlieso authors claim that his formulation 
is computationally feasible (27), 

Mcl'aughton (12) developed an e.lgorithm to minimize 
the loss associated by not meeting the deadlines. His algo- 
rithm is - 


If the uroblcn i s cTTch that tlie tas^s can be sche- 
duled without spli.tting in order of decreasing r., = p./a , 

i ^i i’ 

with no unusod time boforo all tasks are fini.sliGd, and with 
no task finishing boforo its deadline, thoxi this schedule is 
minimal . 

l/he re 

till 

= penalty cost/tirae for i task 
= Processing time of i'^^ task. 

lis algorithm can be applied for one machine N Job 
problem and it T«rill give optimal schedule. But for K machine, 
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K 3 o 1 d problara this al.goritlini hocomes vory coinplex. Hvon for 
a singlG niachiro, h job probloin tho conditions are rather 
restrictive a.nd therefore it vill not apply in rnan^r situa- 
tions . 

Schild cc Fredman (15) nodified hcFaughton's algo- 
rithm to minir'iZG linear loss function. Steps in the algo- 
rithm are as follows - 

Stop 1 ; Arrange tho tashs in order of increasing 
deadlines If this arrangement all 

tashs are finished before their deadlines 
then the total loss is zero and problem is 
solved (situation E) , 

If situation B is not satisfied, arrange 

the taslr in order of decreasing r (r. = 

i 1 

p./a, vrhere p = penalty cost/time for 
■^11 i ■ 

task, and a^. = processing time of i 
tas’i') . If -In this arranget^’ent every tasJc 
finishes after their deadlines then opti- 
mal solution is achievod according to 
rcifaughton’ s tiieorm (12). (Situation A) 

If situation A does not exist, try to 
decrease the loss by using criterion D, 
applied to tho first task j finishing 
before its deadline starring out with 


Stop 2 : 


Stop 3 : 



4 
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(j + 1 ). If for (3 + 1) task criterion D is 

*bii 

not satisfied, try criterion D for (3+2) task 
ant so on. 

Critorioa D : 


Let X. = ( 

,1 


a - d_ + a. 

3 1 1 


+ ( a . - d + a ) ) / 
3 1 1 


( 2 


d. - di + ! ) 


( 2 . 1 ) 


= 0 -when a 


d-, - a 
1 1 


= wlion a. ■!> d_ - a. 

3 1 1 


Then raove task (3) ahead of tas]c (i) if and only if. 


P 


1 



0^) Aj + a. 


(1 ->j) - Pj 


+ (d. - a.) 

w 0 



I"), a.) 
■ 3 1 


d 

D 


a. 

3 


( 2 . 2 ) 


who re 

is In 

p. = penalty cost/tino 'r'or i task 
i 

th 

d. = deadline for i ■" task 
.1. 

J- Tq 

axid a. = processing time of the i task. 

'b jn 

If for (3+1) 3013, tho criterion D is satisfied 

i.e. move 30b (3 + l) in front of (3) and somo tasks still 
finish before ..their deadlines repeat Step 3 till either all 
task finish after their dead lines, or all tasks except for 
a group of tasks at the ond of tho schedule finish after 
their deadl.bies. 
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Schild and Fredman have also tried to develop an 
algorithm for non - linear loss functions (15)* 

Gapp, Mahl^osar and ilitton (17) have developed an 
algorithm to rcininizo the in - process inventory. To mini- 
mize in-procGss iriventor3/' of the unconstrained problem, the 
jobs should be done in .Increasi^^g value of c^/p^. 
whore 

c. = total cost associated with operation T. 
p^ = total time associated with operation T^. 

Thus the sequence of jobs to minimize in - process inventory 

‘^I'^Pli • * * * ?=n°m/Pm* they have 

developed an algorj.thm to talce i Pto account the precedence 
constrai.nts. 


2,2 Hourist.i.e Methods : 

To got an optimal solution for scheduling problems 
is computat i.onu.lly non-feasible for a size of problems which, 
arise in a g sacral shop. Most of the time heuristic methods 
are used to get an approximate solution. 

Performance of some dispatching rules is tested on 
a dj.gital computer and one rule is decided which is simple 
to apply and easy so that operators raa 3 r also understand it. 
The operator is given the i nstruction that he should select 
a job with shortest processing time or first come first 
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s3rvod or othor loading rule, out of tlio jobs waiting 
in ciUGUo for sorvico of tha ma.chine. iv conplote description 
of loading rulos is given in "Industrial Scheduli.ng" by Mutii 
8.nd Thomson (27). 

Anothor motliod is to dovolop proceduros which need 
shillod o porators. Those t’'nDe of rulos are ]-:nown as heuris- 
tic rules. One of tho approach to dovolop heuristic rulos 
is by levolling the production of the firm. The problem is 
to deter-r'ino how host to rospond bo widely fluctuating cus- 
torior domancl. There are tho following alto mat ivos availablo 
to solve this pro bio n - 

(a) whoro manuf acturo for stoch. is possible, main- 
tain tho producti.on rate and labor forco cons- 
tant. Custoraer demands arc met by fluctuating 
inventories. In this case inventory will bo 
largo and may causo oxcossivo carrying costs. 

(b) Anothor approach i.s to chcuigo tho producti.on 
rate accorr]i.ng to the demand. In this caso 
tlv.i idle hours of operators will bo very high, 
i.f labor force i.s raainta.inod constant. 

(c) Tho third approach nay lo to lay off or hire 
operators as required. This will incroaso 
tho adiiiinistratiVG cost and also there is no 
socLiritji^ of sorvi.co of workers which may cau- 
so dissatisfaction in tho workers. 
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Dopondjng upon tho rolativo -uGlghtagos of diffe- 
rent altornativos in a particular situatJons, one of three 
rules can Ice follonod to noet fluctuating demand. In a simi- 
lar heuristic rules can be found out for different 

problems arising in scheduling, "Jhich of the heuristic 
rules will be better for a partl.cular situation? Only 
experience can answer this question. The other difficulty 
with heuristi.c rules is that they mai/ give a verj^' bad result 
sometimes and hence care should bo taJeon to use those rules. 


Palmer (2 6) has developed a houristic method which 
will give near optimal solution for a problem which has 
fixed and same technological ordering for all the jobs in 
the shop. Ho defines a slope index for oach job as - 

^ n-1 n-2 

Op = - A^2 - 


n-3 n-1 


(2.3) 


-fao. TO 


3 . 

pi 


n 


A . 

pi 

Assign the jobs in 


= Slope index for i job, 

= Number of machines (which is equal to 
number of operations also). 

= Processing time for i operation 
(on i"^^^ machine) 
dosconding order of 3p’s i.o. 


S 




s 

pm 
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where 

m = number of jobs to be scheduled* 


His criterion is to minimize the total elapsed time for m 
jobs. He has not considered re-routing (he has given a 
modification for his algorithm to take into account by- 
passing) . Campbell, Dudek and Smith (22) developed ano- 
ther heuristic algorithm to solve N job M machine sequencing 
problem, where each job follows the same technological order 
of machines* By - passing re-routing is not considered. 

This method develops (N - 1) auxiliary two machine N job 
problems and then these problems are solved by using 
Johnson's two machine, N job algorithm* The solution wnich 
gives minimum elapsed time out of these (N-1) sequences is 
taken as the solution. Auxiliary problem.s are generated 
as follows - 


where 


for 

the 

th 

k Auxiliary r)roblem. 




k 


®jl 

k 

= >- t 
i— 1 J ^ 

(2.4) 



F 


®j2 

k 


(2,5) 


i=N+l-k 





’tin 

processing time for the j job on 
machine 1 of auxiliary 2 machine 
problem* 

"f" To 

processing time for the j job on 
machine 2 of auxiliary problem* 
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t . . 

31- 


.th 


th 


processing time of i operation on j job 


This method g.i.ves better results than Palmers but computa- 
tion time is more. 

2.3 Digital Simulation 


All the methods used for getting an optimal solu- 
t-lon or anpro.ximate solution are either i’^ipossible to solve 
computationally or have some limited application. For ex- 
ample, heuristic algorithms are noplicable only for a 
limited ’ class of problems uhere o.ll the jobs have the same 
technological sequence and there is no re-routing and/or 
bypassing alloyed (Palmer (26jhas given a method to include 
by passing in a rudi-ientary manner, and that he has not 
considered any ro-routing) , Practical problems involve a 
lot of by passing and / or re-routing, do job-shop has all 
the jobs with same technological sequenco. iinother diffi- 
culty vfith tlivoso methods is that they provide opti.nal or 
near opti..iial solution for one cri.terion only, but scheduling 
is a multi - cri.tori.a proh-lo !. A sysuon of weightages is 
decided for different criteria and then a combined objective 
function is defined.. To resolve such complexities one has 
to tahe recourse to digital simulation. 

Tho simulation of production shop requires the 

information about machines availability, labor availability 
sequence of operations and operation times on individual 
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jobs, the arrival time distribution of jobs to th§ shop, 
the due dates of jobs etc. The jobs are proocfiiSed through 
the shop employing the priority rules under studj^. The 
arrival time, coinplotion time and due dates of each job are 
noted down. Then, different priority rules are compared 
according to the chosen criterion. For example, if the cri- 
terixi is to minimize penalty cost, then one has to minimize 
the penalty time which can be calculated as the difference 
of actual completion time of a job and its due date. Simi- 
larly in process inventory cost can be minimized by minj.ml- 
zing the difference between total time for which the job 
was in the shop (Time for which the job vras in the shop is 
the difference between the completion time of a job and its 

arrival t.ime to the shop) and the total process.1ng time 

th 

(total processing time for i job = ^ t. . where t_. . = 

'1=1 13 -^3 

operation time for j operation on i^^^ job, N = Number of 
operations on i^^ job). 

E.W. Conway (4) has simulated a shop which consis- 
ted of 9 machines v/hich vrero conitlnuously available without 
the designation of shift or days. The inter arrival time 
is exponentially distributed. Set up times were assumed 
to be .independent of the sequence in which operations were 
performed and considered to be included in the given pro- 
cessing times. The service times are exponentially dis- 
tributed. Conway tested the rulos - Random, FCFS (First 
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Come first served) , FOEMR (lias the fewest operations rema- 
ining to he performed) 5 SPT (shortest processing times), 
LPT (longest processing times) , (has the most work 

remaining to to performed), TWORIC (has the greatest total 
work), in order to minimize in process inventory. He got 
the following results - 

1. There does not appear to be any reasonable 
measure of performance in a :iob shop that is 
invariant under the choice of priority rules. 

2. The rule SPT clearly dominates all the other 
rules tested. It's performance under every 
measure was very good. It is simpler and 
easier to implement than the rules that sur- 
pass it in performance. 

3. There is no basis for believing that highly 
precj.se estimates of processing times are 
renaired for scheduling purposes. Both sche- 
duling and wage incentive systems are often 
cited as the reasons for conducting the time 
studj'- of operations. 

4. It would be both worthwhile and possible for 
manufacturing firms to use a priority rule 
for .iob dispatching. 
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Coni/ay (5) also simulated a shop taking due dates 
of jobs into account. He tested the performance of SET, 
minimum due date, minimum slack, LPT, FCFS etc. and he 
found out that DUDT and SLaCK gives very low variance esti- 
mates for the 30 b lateness. liean value of 30 b lateness is 
minimum for tho SPT rule. A combination of SPT and SLACK 
per operation turned out to be the best as far as tardiness 
is concerned. 

Baker and Dzielinski ( 8 ), Simon (10), Gere (20) 
and a few others have also simulated a ;iob shop. None of 
them has considered set-up time as sequence dependent.’ 

Wilbrecht and Prescott (2) developed a method to 
take into account the set-up times alongwith process time. 
According to their simulation experiment, each 30 b is given 
a set-up weightage randomly from a uniform distribution and 
the values are 1, 2, 3 or 4 units. The actual set-up time 
for a 30 b is not computed rintil tho :iob has been selected 
from a queue to be run on a machine. At that instant, the 
set up time is determined to bo the absolute difference 
between tho set-up value of the completed 30 b and that of 
the new job. Tims, the set-up time for a job getting on 
the machine is made to depend upon tho state of the ma- 
chine which, in turn, depends upon the type of job irhich 
was previously on the machine. As an example, if the set- 
up value of the completed job was 1 and that of the new 
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job -was 3, then actual set-up time for nexf job would be 
3-1=2 time units. Other assumptions are similar to 
those of Conwaj^’ s study. They tested the performance of 
Random, Due - date (earliest), Simset (jobs with similar 
set-ups have priority), shortest run time, shortest pro- 
cessing time against the criteria of minimum number of 
jobs waiting in queue, minimum in - process inventor 3 r etc. 

Baker (3) simulated a shop with set-up time as 
sequence dependent. When a job arrives to the shop, it i s 
given a set-up class. Jobs in a set-up class have same 
set - up times with another class of jobs. Thus, it is 
equivalent to say that similar type of jobs as far as their 
set-up requirements are considered, are grouped together. 
The measure of performance was t.ho average time spent in 
the shop by completed jobs under steady state conditions. 

He tested the performance of FCFS (first come fi.rst served), 
SST (shortest service time), FIXSSQ (the sequence is fixed 
by following the sequence obtained from solving travelling 
salesman problem), MINSEQ (the job with the minimum set-up 
time with respect to the previous job is selected from 
the queue), a combination of SST and set-up time oriented 
rules, SPT (shortest process t.ime vjhich is equal to the 
sum of service time and set - up time). He found out that 
performance of SFT is the best as far as flow time is 
concerned. The set-up time oriented rules gives low vari- 
ance, an indicator which reflects loss tardiness. The 
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porformance of sot-up time oriented rules was tetter for 
secondary measures as maximum flow time. Also FIXSSQ and 
its extension allows the highest proportion of idle time. 

All the ahovG mentioned authors simulated a ma- 
chine limitod shop. Thoy have assumed that labor force is 
unlimited which is not a realistic assumption. Rosser T. 
Nelson (1) analyzed a production system which is both 
machine limited and l3.bor limited. He simulated a shop 
which has m machine centres and n operators. Each machine 
centre consists of c_j_ identical machines. Jobs arrive to 
the shop at Poisson's distribution. Jobs wait in a queue 
in front of each machine centre to be processed. X^Jlien a 
machine is free, a job according to job priority rule is 
selected from the queue. Then an operator, if available is 
selected according to the labor assignment rule. The per- 
formance of combination of job assignment rule and labor 
assignment rule are tested for different number of opera- 
tors. This method, thus decides also how much of labor 
force a company should have for a gi.ven arrival rate* 

A similar digital simulation has been reported in 


this thesis. 



CHAPTER 3 


PROBLSI'I FORI-'iOLATIOl'I 


3 .1 System 

The system to be simalated is shown in Fig. 2. 

Shop consists of M machine centres and H labourers. Each 
machine contra consists of Ci identical machines. The ;iobs 
arrive at the shop with a specified distribution. Informa- 
tion about number of operations, sequence of operations, due 
date, operation times on each job is Fnovm in advance. 

3 • 2 Parame te.rs... .of . t h.e_ Sv ste 
t heir estimat ion 

3.2.1 Arrival Process 

The arrival of jobs to the shop is assumed to be 
randomly distributed according to Poisson's distribution. 
Empirical ol* sc r vat ions of job shops and related operations 
have revealed that the arrivals of units to the various ser- 
vice departments approximated very closely to the Poisson 
distribution (26, 30). But there is another rational basis 
for using the Poisson process as a model for a real system 
input. The arrivals to a service department originate from 
completed services in other departments. Each process at 
every department has some distribution of the service times, 
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the divergence of events from the scheduled times randomizes 
the input process, an intrinsic characteristic of the 
Poisson^ s La,w. 

3.2.2 Machines 

The number of machine centres found in actual prac- 
tice in a shop is quite large. But it has been reported that 
results with number of machine centres about 9 in a job shop 
will bo applicable for large shops also (4, 5). Conway (4,5) 
has shorn that increasing the number of machine centres from 
9 to 27 had no significant effect on the relative performan- 
ce of the decision rules. Based on this result it was deci- 
ded to have only 9 machine centres in the present model. 

Some manufacturing processes are reported to have exponen- 
tially distributed processing times (30), As all the machi- 
nes need not bo identical, the service times of each are 
assumed to be exponentially distributed with different moans 
(1.0, 1.2, 1.5, 0.9, 1.3, 1,0, 1.2, 1.1, 1.4). It is assu- 
med that each machine centre has only one machine, but if a 
particular type of machine is in greater demand then the num- 
ber of machines can be increased in that group. 

3.2.3 Labor Force 

The labor force is assumed to be flexible in this 
model. The number of operators varied between 6 and 9, 
taking different integral values in separate simulation runs. 
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The relative efficiency of each operator at every machine 
centre is an input variable to the model. The relative 
efficiency influences the service time required for an ope- 
ration, • In particular, service time required for the pro- 

'fcll i"}i 

cessing of tho k job at the i machine centre using the 
operator is equal to where t^^ is tho time for 

the k job at i'" machine centre obtained from the service 
time density function and n. . is the relative efficiency of 

J -L 

the j"*^^ operator at tho i'^^ machine centre. The relative 

efficiency of the j"^^ operator at the i'^^ machine centre, 

th 

n.^ = 0 means inability of j operator to porforra work at 
i'th machine centre. Procedure to select the values of re- 
lative efficj.ency is discussed in section 3,2,8, 


3,2,4 Number of Operations and Sequence 
of Operations for a Job, 

A job is equally lilcely to find j.ts first opera- 
tion on any machino group. On the completion of that opera- 
tion tho job is equally likely to move to any other machine 
group or to leave the shop (two consecutive oporations on 
the same machino are not pormj.ttod, but a job can return to 
a machine after an intervening operation). Being generated 
in this way, the number of operations por job is a random 
variable whoro expected value is equal to the number of 
machine groups - in this case 9 (4), To avoid memory over 
flow of computer, it is decided to restrict tho maximum 
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nurnbor of oporations roquirocl for a job to 20. Tlio tlioore 
tical probability that number of oporations roquired for a 
job. will oxc-ood 20 is 0.122.* 

3.2.5 0 po ro.t ion T imo s 


OncG tliG number of operations and sequence of ope 
rations for a jot o-ro known, the processing tames of each 
operation can be geiioratod by an exponential distribution 
a^ith a moan equal to the mean servico time of the machine 
on which the part.1.cu.lar operation is being performed 


hj = - W), • (V 


(3.1) 


whe re 



k 




r 


n 


Ln 


= The processing t.irpo of the j operation 

4- “U 

Oil the i job. 

= Machine on whacti j^^ operation of i^^ job 
is being porfor”^ed. 

= Kean servico tirio of the k machine. 

= Uniformly distributed (0,1) random number 
= Ua.tural logrithm. 


* Since tho number of oporations arc binomally distributed, 

the theoretical probability of number of oporations ox- 

20 

ceeding 20 is (1 - 0.1 21 (O.S)^ ) = 

i=l 


0.122 
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3.2,6 Due Dates 


In actual practice, due dates are decided Toy com- 
pany executives in consultation with the customers. The 
jobs are accepted for processing in the shop only if the 
management is satisfied that the jobs can he completed with- 
in the deadlj.ne period. Accordingly the decisions are made 
about Carrying inventorios, having an overtime or sub-con- 
tracting to other concerns. The situation is reverse here. 
The processing times for each job are known and due dates 
have to be fixed according to the processing times. Conway 
(5), has given a method to fix the due dates. 


where 


d. = St + Expected value of number of 

J?.i 

ope rations- • , }' t. . (3.2) 

T=1 



t 


N. - 

3 . 


the due date of the i job 

time at which the i job is ready for 

its first operation. 

processing time for the j oporatj.on on 
the job. 

4- "is 

Total number of operations on the i job. 


The expected number of operations are 9 here. In 
actual practice all the jobs are not equally important, 
some of the jobs which arrive to the shop may have a very 
high priority. Hence to bo more realistic, it is decided 
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that the due dates he fixed hy 

th 

d^ = Arrival tine of i joh + r^ , Total 

processing tine of the i"^^ Doh. (3*2) 


whe re 

r^ is a raiidoiu numhor. 
n 

In order to nalce due dates more critical, it was assumed 
that the raD-dom variable r^ is uniformly (2,5) distributed 
random number. The relative pcrfor^^anco of the priority 
rules will not bo affected by assuming an 3 ?- values for lower 
and upper limits for the random variable r^. 

3,2.7 Set - up Times 

In a real job shop 3,11 the jobs are d.lffercnt from 
each other 3 ,nd their sot - up tines will also be different, 
Set''Up time of a job depends on the proceeding job comple- 
ted on the Liachine in question. If every job is assumed 
having dj.fforent sot - up ti.mo, the computer has to handle 
a (n X n) sot - up time matr.lx, whore n is the number of 
jobs being simulated. In the present work, 2,000 jobs are 
simulated and hence it is impossible to handle this matrix 
on IBM 7044 Computer. To avoid this difficultly, all jobs 
are devidod .into 10 set - up classes, Tw parameters are 
to bo decided for sot - up time. First is the set - up 

class of the job. When a job arrives to the shop, a uni- 

* 

formly distrj.butod (0, 1) random number is generated. If 



this number falls bot-ween 0 and 0.1 then sot - up class of 
the job is 1, if this number falls betx\reen 0.1 and 0,2 then 
sot - up class of the job is 2 and so on. 

The o ther question to be decided is the set - up 

time matrix. The olomonts of this matrix s.- give the set 

"bli 

- up time of an i sot - up class job if the preceedj.ng 
job is of the sot - up class, s^. . = 0 for 1 = 1, 10, 
i«e. diagonal elements of set - up time matrix are zero. 

The elements of this matrix are genoratocl by a uniform dis- 
tribution whoso lower limit is 0 and the upper limit is 0,4, 
The service times for each mach.ino is different but the 
average is approximately unity and as such the maximum sot - 
up time is about 4Q?' of the average processing time of an 
operation. 

3,2,8 Labor Efficiency liatrix 

In practice, the efficiency of each operator on 
nt machines is known axid those elomonts can be input 
os of the system. In this work the elements of labor 
icy matrix were generated by uniform (0, 1) random 
It was assumed that 20/j of the total elements (8l 
aso)are zero i.o. a particular operator may not 
»i work on some particular machines. 

::Tho labor efficiency matrix, is generated as 
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( (0,1) iiLiiformly distributod random 


number) 


1 




then n. . 

— 

^- 0,5 then 

n. . 

>r^ 0,5 then 

‘^13 


(3,3) 


1 


0,2 


who ro 


,th 


n is the relative efficiency of the i operator 
th 

on the 3 machine. 


3*3 Assumption s 

A lot which arrives to tho shop at a time is con- 
sidered as an entity and called a JOB, This job is not 
split further. No machine may process more than one opera- 
tion at a time. Each oporation, once started must bo per- 
formed to cor.’pletj.on (no pro-emptivo prior.ltios are taken 
into account). Each job, once started, must bo performed to 
completion (,io order cancellation). 

Tho machines of the shop arc not subject to any 
random failures that make them unavailable*, i.e, they arc 
always availab.ls at all t.1rrics in all shifts. They do not 
spoil jobs in process or cause any attrition of lot sj.ze. 
Preventive maintenance is also not considered. 


Time required to perform each operation is finite 
and fjoced. In tho actual case tho operation times are 
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highly random, hut Muth (27) has shovn that tho statistical 
property of job times is not of primar37' iLroortanco in deve- 


loping optimal schedules. Honco it is assuracd that tho 
operation tinns are Icnovm in advance and they do not vary 
lator. Transportatjon timos betuoon operations aro excluded,- 

Job routing for oach job is also laioun in advance 
and no alternative routings are permitted. Bofore start of 
any operation all procooding operations should have boon 
completed (i.o. xio lap phasing is allovrod) . 

Variation of arrival rates duo to promotional ac- 
tivities and sub-contract ing is not considorod. Control of 
sorvico times by inultiplo labor assignment or overtime is 
ignored. Tho company docs not have any incentive schemes 
and hence tho service times are assumed to to same for all 
operators. 

The duo dates aro loiown and they arc fixed. It is 
assumed that the shop works for all days in a year and 24 
hours in a day. 

Tho systor' is assumed to bo time Invariant. All 
tho parameters of the svstom remain constant throughout tho 
tj.mo studied. In a practical situation tho efficiency of 
machines wi-ll decrease with their ago. Worker efficiency 
is also a time variant parameter. In the beginning, when 
an operator is now he will bo inefficient as ho does not 
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have extoiisivG training, after sonc time his officiency in- 
creases with exiooricnco in ‘the sliopi however hoyond his prime, 
his Gfficienc3r decreases. These effects are not considered. 

The parameters do not change with the condition of 
shop i.o . this is a linear system. The arrival rate is not 
affected by the back-log in the shop. Service times of the 
machines do not vary with the queue length of the jobs in 
front of the machine. 

Queue Discipline 

It is assumed that there are 9 queues of jobs, one 
in front of each machine vrlionever a job is completed on any 
machine, another job is soloctod according to priority rule 
from the queue and if an operator is also available, then 
this job and the operator are assigned to the machine. There 
is another queue of idle ' machine s( may bo idle either due to 
non availability of operator or when no jobs arc waiting for 
service) ? v/henovor an operator is free and there is atleast 
one job x^aiting on idle machines then according to some 
priority rule (as discussed in section 3,4,2) a machine is 
selected to assign tho operator. 

The penalty - cost and in-process inventory costs 
are assumed as linear function of time for which tho job is 
late and is waiting for sorvico on a machine respectively. 

All the jobs are equally important as far as penalty cost, 
and in-procoss inventory carrying cost are concerned. 
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3 *4 PiLioiLiJ;3L JluJ-e_s 


3,4.1 Priority Pailes for Job Assignment 

In actual practice, a large number of priority 
rules are used. Conuaj^ (4, 5) has tested about 90 priority 
rules but he has not considered the set - up time oriented 
rules. This work considers the relat 3 .vo performance of 
set - up time rules as copipared to the static and djmamic 
rules which do not consider anjr importance of set - up times 
Since, meeting due dates is a.n important criterion, hence 
emphasis is given to dynamic rules, A priority index (PI) 
is given to each 30 b and job with minimum priority index is 
selected for operation. The rules considered are as follows 

(a) Static Rules 

The priority index of a job remains the same 
throughout the simulation run in such type of rules. Follow 
ing rules are tested in this category 

i, ) Shortest Service Time : (SST) i A job which 
has got the shortest operation time on the ma- 
chine is selected for processing first 


PI. = t. . (3.4) 

.1 j 

where 




= the pri.ority index of the 1 
job. 

iuii, 

= the processing time for the j 
operation (for which the job was 
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in tlie queue on tiie machinejon 
itll 

The job with least PI^ is selected for opera- 
tion on the machine. 


ii) Largest Service Tine (1ST) ; Jobs with larger 
worh content are given priority 



vdie re 



(3.6) 



operation tine for the 



opera- 


i‘h 

tion on the i j ob . 

iii) Duo Date (DUDT) : According to this criterion 
a job which has the most critical date is 
selected for operation. 


j 


PI^ = d_j_ (3.7) 

where 

isli 

d^ = Due dato of the i job. 


(b) Dynamic Puiles : 


The priority index of a job changes with the com- 
pletion of ea,ch operation when such type of rules are follo- 
wed. Those rules take into account, the dynamic situation 
of the shop. Following rule is tested in this category: 

Minimum Slack Per Remaining Operation ( SLACK/0 PSRaT ION) 

Nl 

PI = ( (d. - c) - 22 t. . ) / (N. - J + 1) (3.8) 

1 1 ij 1 1 
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whe re , 




J. 

1 


"fctl 

= Priority index of the i job, 

4- In 

= Dug date of the job 

= Clock time 

= Operation time for the j operation of the 
job. 

= Total number of operations required to 
complete the job. 

"fc]r* 

= The present operation number of the i 
job. 


Other rules in this category are minimum slack, 
minimum job slack ratio, ninipmm processing time left, mini- 
mum number of romaiiiing ope j?at ions, maximum number of remain- 
ing operations, ma^vimum total work content remaining and many 
more. All of these rules arc not considered hero. 


(c) Set - Up Time Oriented Rules % 

These rules taka into account the set - up times 
of jobs. Under this category tho following rules are 
tested; 

i) Minimum Sot up Time Sequence (I'flNSEQ) : 
khon a job comulotcs service, tho next job 
selected for operation is one which has the 
least sot - up time. If a job of tho same 
set - up class as that of the preceding job 
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is available, that job is selected for opera- 
tion, otherwise a set - up class which has got 
rainimum changeover time is found and jobs of 
that class are given priority. Ties are bro- 
ken by due - dates i.e. selecting a job with 
rainimum due date. 

ii) Optimal Set-Up Sequence and Ties by Due Date : 
(FIXSTTSSQ, ties by DUDT) : The problem of 
finding an optimal set - up sequence wh.ich 
will minimize the total sot - up time is equi- 
valent to the problem of solving a travelling 
salesman problem. An opt.h'ial set-up sequence 

specifies the set - up class which must follow 

ish 

a given set - up class. When a job of i set- 
up class completes service, and if a job of the 
sarao set - up class is available that job is 
selected 5 otherwise a job of the next set - up 

4" To 

class winch follows the i. set - up class in 
the optimal sequence, is selected. If no such 
job is available then a job with the least 
set - up time out of the available jobs is 
selected for operation. Ties in all the cases 
are broken by selecting a job which has got 
the nearest due - date. 
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iii) Optimal Set-Up Sequence ancl Ties by Minimum 
Service Time Rule (FLTSSTSRQ and Ties by SST) 
Sa.me method is follox\red as in (ii) above and 
;:ies are broken 'bj shortest service time rule 

iv) Shortest Processing Time (SPT) : Processing 
tj.mo is the sum of service time and set - up 
time of a job 

Processing Time for i job = Service time of 
tha i job + set - up tj.me for i job. 

The job with the shortest processing time is 
given the highest priority. 

3.4.2 Priority Rules for Labor Assignment : 

When a job completes service on a machine, an 
operator is free. In a labor limited system, there may be 
many machines which require an operator, lihleh machine is 
to bo given highest priority, is a question to be decided. 
The following rules arc considered for selecting a machine 
for service : 

(i) First Demanded First Served (FDFS) ; 

The machine, which became idle first is selected 
for service first. If an operator is available (who has an 
efficiency of more than 0,5) then a job is selected for 
this machine. If there is no operator out of the available 
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operators, lias an efficiency of jnore than 0,5 on this machine 
then the next machine is seloctod. which demanded an operator 
later as compared to the first machine hut earlier than all 
the other remaining machines demanding an operator. This 
process is continued till, either there is no idle operator 
loft or no machine is in demand of an operator or all the 
idle operators have got zero offi.cienc]-" on all the machines 
which are demanding an operator, 

ii) Maximum Queue Length (j'-lAXQ) 

According to this rule a machine which has maximum 
queue length in front of it, is selected for operation if 
there is an operator availahlo who has an efficiency of more 
than 0,5 on this machine, OthoroAso the second machine ha- 
ving maximum queue length is selected. This procedure is 
repeated till, cither there is no idle machine loft (an 
idle macliino is ono which is idle due to non-availahility 
of an operator and there are some jobs waiting for service 
on this machine) or there is no j.dle operator loft who has 
got an efficiency more than 0.5 on any of the idle machines 
left . 


3,5 Criteria Used : 

The relative performance of different assignment 
rules depends on the criterion chosen. A particular assign 
ment rule may perform better for one partj.cular criterion; 
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while it's performance may not he as good for some other 
criterion. 

It is difficult or well-nigh impossible to have 
one single criterion for scheduling problems. An integra- 
ted criterion can be formulated v/hich takes into account 
relative importance of different criteria. The following 
criteria are considered in this vrorJc - 

(a) Primary Criteria : 

(i) Minimizing Flow Time : 

Flow - Time is def.ined as tho time for which a 
Qob remains in the shop. 

(li) Minimising Job Lateness : 

Job Lateness for a job = completion time of the 
job - due date of the job. (3,9) 

(iii) Minimising idle time of jobs : 

Idle time of a job = Flow time of the job- 
total processing tiroo of tho job. (3,10) 

(iv) Minimis jng Job Tardiness : 

Job - tardiness is defined as the extra time 
taken for completion of a job over and above 
the due date . 
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Job Tardiness = Completion time - due date 

(if coD-'pletion time is more than due date). (3.1i) 

= 0 otherwise. 

(v) Minimising number of jobs late - 

A job is said to be late if it is completed after 
its due date. 

(b) Secondar 3 r Criteria : 

In thj.s category following criteria are considered; 

(i) Minimising operator utilisation for particular 
operator condition.-;, 

(ii) Minimising machine utilisation for a particular 
operator condition 



CHAPTER 4 


TRAVSLLIFG SALESJ-J.I: PROBLEM 

The oh^ective functions are nuraeirous in scheduling 
problems, as Tiscussed in section 3,5 of 3rd chapter. Ano- 
ther aspect of sequencing arises when each new job assigned 
to a specifj.c machine has a significant set - up cost. The 
objective of minimising set - up costs night override the 
other objectives. The set-up time matrix used in this work 
is shown in Table 1. 

Elements of set - up time matrix t. are the set- 

J- J 

up times when job j follows job i. All the incoming jobs are 
devided into ten set-up classes and each job in the set-up 
class has the same set - up time with respect to another 
class jobs . The character of this particular matrix is ana- 
logous to the well known 'travelling sa'’-esm8n problem'. A 
salesman has to complete -his route to various cities in mini- 
mun ti«ie (cost) without repeating any city. Similarly, an 
ordering imst be found for a set of jobs, where t.^T^-O 

(i j) is the set - up time needed to change facilities from 

is 1*1 

the i to j job, and it is not required that t.. = t... 

-'-J jr 

Problem is to find a sequence with no internal cycles that 
minimizes the total set - up time. 

The Assignment Method, as it is ordinarily used 
can produce internal cycles. An exact solution can be 
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found "by using branch and bound method (30), Little, Murty, 
Sweeney and Karel (31) developed the branch and bound algo- 
rithm to provide solutions of optimal tours. The problem 
is solved by usual Assignment i-Jethod and the optimal assign- 
ment and lower bound is found out. If there are no internal 
cycles in this tour, then th.-is is the optimal schedule and 
the total set - up tine (cost) is equal to the lower bound. 
If there are internal cycles in the solution of opti>'"al 
solution obtained by Assignment Fethod, then some other te- 
chnique is to be applied. In branch and bound method, the 
approach is to discard the solutions which can not be opti- 
mal. To do this, further calculations are made by identify- 
ing each zero in the matrix i/itli the sum of its DiinJ.nium row 
and minimun column, values, which is an opportunity cost 
measure of not ma].- 5 ;ing that particular zero assignment. 
Brahching is performed from the highest opportunity element, 
say (k^ - • A logical partition of sequences can be, 

those sequences which have the assignment (k^ - kg) and 
those whj.ch do not. The opportunity cost of each possibi- 
lity increase as other zeros in the set - up time matrix 
are analyzed and. hence lower bound increases. The possibi- 
lity which has the least lower bound is analyzed first. 

This is coiitinued till optimal schedule is arrived at. If 
there are some possibilities left which have loxrer bounds 
less than the lower bound for optimal schedule, they are 
partitioned further till the lower bound exceeds or equals 
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the lower hound correspondins to opti’^^al schedule. 

The nethod is discussed in "Sj^-stenis Management of 
O-peration” hy Martin M. Starr^^*^\ as follows. 

Say ths-t a problem S, fullj'- reduced, is being con- 
sidered for solution by the partition routine. Ono is con- 
cerned with the selection of a particular path, say from i 
to 3, that wj.ll be the basis for creatj.ng two new problems: 

1. ® j_j 3 problem of finding the best solution from among 

all the solutions to S tliat include the step (i, 3). 

2, Sn. . , the problem of selecting the best from among all 
the solutions to S that do not include the step (1,3). 


Since in the problem S^^^ it has been decided to go 
from i to 3 , ono can prohibit going from i to any other city 
and prolii.bit arriving at 3 from an^?" other city, by malting 
all the entries in the i"^^ row and 3"^^^ column except , 
equal to infinity. One must also prohibit the future selec- 
tion of the element s^^ making it infinite also, since a 
tour cannot include s.. and s.. and still visit all n cities 

13 31 

bcfore returning to the starting poixit. Since these prohi- 
bition may have eliminated some of the zeros of S, one can 
possibly further reduce S. . and thus establish a new and 

13 

greater lower bound on solutions of S obtained by solving 

S. .. 

43 
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In problem one prohibits travel from i to j 

by making Sj ^ = v'C » Again a further reduction of this modi' 
fied matrix may be possible that v/ill give an increased 
lover bound on solutions obtained through problem Sn. .* 


Nov the objective of the selection of (i, j) is to make the 
lover bound on Sn. . as great as possible in hopes that it 

*J- J 

can be discarded from the list of unsolved problems by the 
elemination routine vithout further partition. To accomplish 
this, one looks ahead at the reduction that vill be possible 
in Sn^^ for each possible (i, j) and makes the selection such 
that the sum of tvo subsequent reducing constants vill be a 
maximum. It should be obvious that it is necessary to con- 
sider only the zero elements of S as candidates, since if a 
non - zero element; '-is selected no further reduction of Sn. . 
vill be possible. 


Partition tree for the travelling salesman problem 
is shovn in Fig, 3, A computer program for solving this 
problem is given in Appendix - 3. The optimal set-up sequence 
obtained is (i-6-io-9-3-5-7-4-8-2-l). 





Non Iteasible Solution 



Optimal Solution 



Non Feasible Solution 


Optimal Sec|uence Is ■“ 1 


Fig. 3 


PiLRTITION TREE POE TEAVEIIilNG SAIESMJUJ FROHDEM 



CHAPTER 5 


C0I2PUTER PROGRAIi'IS 

FORTRAI'T IV langiiago .Is used for programming the 

S-lTnulat-i on oxperlrflont. A complete list.lng of the programme 

and flow charts are given in AppondJx - 2. It is assumed 

that the "maximum number of jobs in the shoe are li'"'.ited to 

200 only. This restrictio.o. is placed because of limitations 

of computer memorjr locations available. First 200 jobs, 

which arrive to the shop aro given numbers from 1 to 200, 
s is 

When 201 job arrives, job .which, hash completed service in 

^ is 

the shop is found out. The 201 job number is given the 
number of that job. This procedure .is repeated for all the 
jobs. If none of the 200 jobs in the shop has completed its 
service before the next job arrives, then it is assumed that 
the arrival rate is very high and queue length pract-lcally 
becomes .infinite. 

5.1 Main Programme : 

The shop is assumed to bo empty jiiitially. First 
job arrives to tho shop at zero cloch t.lme, ffeen the job 
arrives, data about sequence of operations, operation times, 
due dates and sot-up class aro genoratod. The job is assig- 
ned to its first machine. The system will continue in this 
stage till a new job arrives to the shop or this job com- 
pletes service on tho machine. 
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The iiiain :Trograiraiio is based on fj.nding out tiie time 
and mode of next system change. The system may change in 
any one of the follovring modes - 

(a) A nev job arrives to the shop s Data for this job are 
generated by the DTGEh Subrout .mo . Then this job is 
assigned to its first P''acli.in-o, if tlio rnachlno is free, 
otherwise .It .is placed in the quouo of the machine. 

(b) A job may complete its service on one machine; ^iihonover 
a job completes service, one of the operators is free 
and if there arc some jobs waiting on the machine then 

a mach.lne is available vrhi.ch demands an operator. If 
all the operations on the job have been complotod, tho ■... 
results about completion time, penalty time, idle t-ime, 
job tardiness are found out by AI'ILYS Sub rout .liio . If 
all tho operations on tho job arc not completed then 
tho job is };iovod to the next machine. This is done by 
KOVJOB subrout.lno. Tho mach.ino i.s selected for opera- 
tion accord.lng to tho labor assignpont rule by tho 
I'dASN Subroutine. A now job is selected from tho quouo 
of tho mach.lne accord.lng to job assignme.nt rule. An 
operator is solcctod and assigned to tho mach-lno. Ag- 
a.ln the t.imo and modo of next system change is found 
out by SYSCIiG Subrout.1nG. Clock tj.me j.s incremented 
by the ti;vo of next system change. This procedure is 
repeated for number of times till the shop completes 
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! ' 

! InitJal.lzfi values i 


of parameters 
nT.Ti-rfir 1 = 0 



GeJierate data about DUDT , 
ISIilTCL , Sequence of oper- 
I tions time, number of 
j operations, total wor]: coj'i~ 
tent and arrival of next job 
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, Increase the nnj-.lber of .Idle j 
i machines by 1 and number of | 
j opers.tors available by 1, 



Ras^ — 
completed 

L‘£it.1.on§ji__ — I ^ 

Find the results 
about completion | 
t irae , p enalt y t ime , | 
idle time , tardi- ' 
ness etc. Using ! 
ilHYS subroutine. 




Select next r.iach.1ne5 operator 

V 

and jo]) to be served for next 


time period by using iUASlT 


subrout.1ne. 





no 

— — - i' 

Hove this job to the 
next raach.'ine. This 
is done by liOyjOB 
sub rout J.ne , 

" ' ■ "7 ' ' " ■■■■'■ 

f 



FIG. 4 


KAIF PRDGRAlim 
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l£97 jobs. A flow chart for iLain pro{ 3 ranii;io is shown in 
Fig. 4. 

5 , 2 Sub rout ino s % 

Sovjral subroutines are used in this prograiiirae . A 
briof description of oach subroutine is given below ; 

5.2.1 RfilFUI'i 

Thi.s subroutine gonorates a random number from a 
uniform (0,1) distribution. Input to the subroutine is the 
"sGcd" and output from it are modi.fi ed "sood" and a random 
number. A flow chart for the subroutines is shown in Fig. 5, 

5.2.2 DTGSh ; 

The procedure for genero.ting values of parameters 
is discussed i.n Chapter 3. This subrouti.ne, generates data 
for sequence of operation, operation t,i.rnes, due dates and 
set-up class. Input to the subroutine are - job number 
(JOBNO) and seed (IX) for randor. number goiiv.; ration. Output 
from the subroutine are - 

a. Job number of t’lo next job which will arrive 
to the shop (IJIi) , 

b. Arrival ti"'e of the noxt job. numbor (TKARFL 
(UK). 

c. Soquonco of operation of tho present job 
(JOBSSQ (J0PN0,I), 1=1, 20) 
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d. Opcre/cioii frop an exponential distribu- 

tion (TIJGL (jOLrlO,!), I = 1,20) 
e* Tfunber of reijaining operations which is equal 

to number of operations on the job (hRiDP( JOB.TO ) ) 
1 . Total proces slop tino of the job, equal to su- 

mmat i.o n of u ro c e s s .in q t .Ine s , ( T I TO T ( J OBlvO ) ) . 

g. Set-up class of t>.o job, (ISTTCL (JOBFO)). 

h. Due date (DUDT (JOBFO)). 

A flow chart of the subroutine is shown in Fig. 6 • 
5.2.3 ASFIC 

This subroutine puts the job n. the queue of the 
machine on which Its first operation Is to be performed. In- 
put to the subroutine are - 

a. JOPjITO - Job number of the job arrived. 

b. imC - Hachine on which first operation is to 

be performed. 

c. FI - IlaximuM queue length o.t the machine. 

If thero are hi jobs waiting on the 
machine aiid a new job arrives whose 
first operation .1 s on thj.s machine, 
then it j.s assumed that queue lexigth 
at this machine becqmds infinite,. 

The arrival rate is very high. 
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d, TMARVL (JOBITO) ~ Arr.1.\.''al tine of ,iot) to the 

s].iop . 

Output from the sutroutjno is - 

a» JbT.'. (i'li^C ^ X) — An array irliich stores the job 

nuniber of the job. 

b. JOBOFX (NI'lC 5 I)~ An array which stores the 

OjDcration number of the job 
at mach-i ne MMC . 

c, TKARIC (NKC^JOBhO) - Arrival time of job num- 

ber (J0J''J':0) to niachino NMC . 
cl. Ml - The value of I in JSTI'I (I1HC,I) 

and JOBOPR (NhC I). 

A flow chart of the subroutine is shown in Fig. 7. 
5.2.4 SYSGi-IG : 

Thi.s subroutine determines time and mode of the next 
systG’' cha.iMo . Inputs to tho subroutine aro - 


a. IJOB - Job number to be given to the 

uoxt job which will arrive to 
tho shop , 

b. TiAiVTL (IJOL) - Tiiiio of arrival of tiie IJOB'*^"^ 

job. 

c. iT - number of machines in the shop. 



d. T;?K3H (I) 


OutTOUts : 
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T iiiio of coniolotion of service 
Oil the nachine (I = I 5 ..M) 


a. ICliAi'G - Incleic ujiicii shovjs the mode of 

next system change . If 
ICiiiiiTG = 10 5 then system chan- 
ges due to arrival of a new 
jot. If I0KA.^G = I, for 1=1, 
2, ....9 gives the machine 
nnmber (I) vhore U-'’ jdb-'Com- 
plotO'S. it'S. service. 


t. TMIXGG - Tire at which next S 3 ''stem 

, chango occurs. 

A flow chart of the sulo routine is show jn Fig. 8 . 


5.2.5 J'OVJOF : 


■'iHicn a jot co^^plotes service on a machine a,nd it 
has not co-'pletod all of its operations, it is ’"eved to ma- 
chino on v/hich next operation is to bo pcrfonried. MOVJOB 
subroutine moves the job to the machine. 

Input : 

a. LI - Number of operations completed on the 
30 b. 

Operation for which it is moved to the 
machine. 


h. L2 
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'2* K2 - Job nuiiibor of the job bojjig moved, 

d. NOPTA - I'Tunber of avai.lable operators. 

_ - ha3!: , quotio length allowed at a 

machine , 

f. JOBSln (i'Tl'C ,I ) Socuonce of oporations on this 

job (1=1, 2C) 

g. -GEEIliS. - Clod: Time. 

Output : 

a. JSTrJ (I'ThC , I) - Array which stores the job 

number K2 on machine IIMC , 

b, JOLOPR (I'li'E; 5 I)- Array which stores tlio ope- 

ration number for which tho 

job is movod to this machine. 

c, (I'hC,ICS)- Arrival ti.ie of job K2 at 

macliino !■'€ , 

d. HPUl (ITMC) - hodified quoue length of tho 

machine . 

0 .. lOL - Index which shows who tho r 

quGue length exceeds the maxi- 
mum" allowable limit. (lOL = 0 
if tho quouo length is loss 
than Kl, lOL = 1 otherwise), 

A flow chart of tho subroutine is shown in Fig, 9. 

5.2. . LABiiSII J 

This subroutine assigns an operator to tho machine 
which demands an operator. 
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Input ; 

a. HI-'C - I'achino uliich demand an 

operator. 

"b* I'L - Number of operators in the 

shop . 

c. ;fIFPCY (1 5 I’hC) - Operator efficiency matrix 

I = 1, 2, ... NL 

d, IFtJDX (I) An arra 3 ^ tvhich shows opera- 

tors which are already engaged 

- j.n tho shop. IPI'IDX (I) = “4 

i""ln 

shows that the I operator 
is not free. 

Output ; 

10 PUR (NlfC) - Operator select od for machine 

TO. do FIR (NFC)>NL shows 
that no operator is available 
which has efficioncjr i-ioro 
than 50^'j on this machine). 

A flow chart of tho subroutine is shown in Fig, 10. 


5,2.7 JOBASN : 


This selects a job from tho queue of jobs 
waiting for service on a machine. Inputs to tho subroutine 


are : 
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a-» WiC ■ - Machino for ■'jhlcli the 3 oh is 

selected, 

b. IhDEXI - An index ■''/liich gives the job- 

assignront rule^ bo used for 
selection of job. 

o« N1 - The T’-'axir'UM queue length allo- 

wed at a machine. 

d. Data concerning jobs such as processing times, 
duo dates, set-up times, optimal set-up se- 
quence, last job on the machine, clock time. 

Output ; 

a. JODI - The job soloctod according to 

a priority rule,’ 

b. JL - Index used to find its posi- 

tion in tlio queue of jobs 
wai.t:ing on the machine NMC . 

Flovr cliart of the sul routin...- is shown in Fig. 11. 


5.2.8 I'iCASN : 

Thi.s subroutine selects a machiiic out of the ma- 
chines available x/hich doirand an operatoi'. The machine is 
selected according to a labor Assignment Buie. Input to 
the subroutine are t 


a. NL 


Humber of operators 
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b. LIOPTA 

c. TIiSD (I) 

cl. MOUli] (I) 

o. IPD3Z 2 


- Number of avail able op orators ► 
Tiinc at •(jh.lcli various nachinos 
uo-rauf" an operator (I = I5 I') 
Ououo lengths of various na- 
c’l.inos (I = 1, N). 

The index which givos tho 
labour Assignment Rule to bo 


used for solocting a machine, 
f. Other da,ta about jobs such as so quo nee of ope- 
ratJ.ons, processing times 5 duo dates, sot-up 


tiillGS otc . 


Output is tho solectod raachinos and operators for 
nroGossing machines. A flow chart for this subrouti.no is 
shoxm in F.i.g. 12. 

5.2.0 ANLY3 : 

This subroutine is used to got results of tho design 
var.lablo.s. Input to this subrouti.no is the job whi.ch com- 
pletes service in tho shop and data about vo.rious paramo tors 
sucli as total procossing times, duo dates etc. Output from 
this vSub routine arc the values of various object ivo func- 
tions such as idle time, job - lateness, flow - timo otc. for 
tho job. The- flow chart of the sub rout. i.no is shown in Fig. 
13. 
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5.2.10 ra ; 

This stibroLit-Inc- finds tJio rdnlETunT number in an 
array. Input to tho sub rout .in.’ ;.s th’O a.rray (ono dliriGn- 
sional only) and nu-i)cr of olomonts iii tho array. The out- 
put is tho numi-’or of tho elorront irli'i cii is mi.'inimum “'ost in 
tho array. L flou’ chart of the subroutine is shovin. in Fig, 
14. 



CHAPTER - 6 


SIMULA ION STUDIES 

6.1 Experimental Conditions t 

In a simulation experiment, the final results will 
largely depend on the initial conditions. If initial con- 
ditions do not represent the actual system, then the results 
w3:ll be unreliable and inaccurate. Thus, initial conditions 
should represent the conditions of the actual experiment. 

This wor]^ compares the steady state performance of 
different Job and Labor Assignment rules in a job - shop. 

To study, the steady state behaviour, initial conditions 
can not be taken as zeros. Initial number of jobs in the 
shop should be equal to the estimated average number of jobs 
when steady state condition has reached. Difficulty is that 
the final number of jobs are not Icnown in advance 5 they can 
only be found by performing the simulation experiment and 
then finding the average number of jobs in the shop in stea- 
dy state. For next simulation run these many jobs are assu- 
med to be in the shop initially. There is another technique 
to avoid this difficulty which is used to advantage in this 
work. Initially the shop is assumed to be empty i.e. no 
job is waiting for service in the shop and all the machines 
and operators in the shop are idle. The first job arrives 
to the shop at zero time. Then simulation experiment is 
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contijiiied and statistics of various parap-'cters arc not noted 
down till 50 jolss complete service. A second experiment is 
performed and statistics of parameter are found after igno- 
ring first 100 jots. The two results are compared and if 
there is no significant difference, then it can be conclu- 
ded that ini.ti.ally the shop is started -"jith average number 
of jobs. It is to bo noted that -two different experiments 
arc not necessary to find the statistics of the parameters 
of the objective function; in one experiment itself the 
statistics can be obtained by ignoring the first 50 jobs and 
then ignoring the fi.rst 100 jobs. Results for different 
criteria, using shortest service time rule for job assign- 
ment and PDFS for labor assignment are siiown in Table 2, 

It is clear from Table 2 that the values obtained after ig- 
noring first 100 jobs do not differ significantly from those 
obtained after igiioring first 50 jobs. For each simulation 
run, values of statistics for the above two conditions are 
tested to ensure that in the beginning, the remaining number 
of jobs in the shop is very nearly equal to the average value 
in steady state. If the two values are not same then another 
si.mulation experiment is performed and first 150 jobs are 
scheduled and their results are excluded from the final 
results. These results are compared with that obtained 
after ignoring first 100 jobs. If the two values are not 
significantly different, then it is again ensured as before 
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that initially the shop is fully loaded as defined earlier. 
In the present experiment ignoring first 100 jobs ensures 
that the shop is having average number of jobs in the be- 
ginning. 

6,2 Number of Jobs to be Simulated; 

Before deciding the number of jobs to be simulated, 
number of sequences of random numbers to be used must be 
decided. If transient behaviour of the system is studied, 
then a large number of sequences having length equal to the 
scheduled period must be used for simulation experiment. 

If steady state behaviour of the system is to be considered, 
then a large sequence (which ensures .that the system has 
come to steady state) of numbers should be used (SJ.,)* In 
the present work, steady state behaviour of the job shop 
is considered and hence one sequence of long length is 
used. 


Hox\t many jobs should be simulated in index to stu- 
dy the steady state behaviour of the job shop? This is an 
economic problem which is decided by using sequential sam- 
pling techniques (SJj, 32, 33). If a smaller length of 
sequence is used then the system will not come to steady ■ 
state and if a very long sequence is used, computer time 
will be unnecessarily wasted, which is very costly. In 
sequential sampling technique, first 500 jobs are simula- 
ted and results of design variables are found out, then 



65 


simulation is contiiTaed and when 1,000 jobs are completed, 
results of designed variables are again found out. If the 
results obtained in the two conditions do not differ signi- 
ficantly (a t-test will show whether they are statistically 
different or not), then the shop is assumed to be in steady 
state. If the results are statisticallj" different, simula- 
tion experiment is continued further till 1,500 jobs com- 
plete service. Again the results obtained after simulating 

1.000 jobs and that obtained after simulating 1,500 jobs 
are compared. If the two are statistically identical then 
the shop is in steady state and simulation experiment is 
terminated. If the results are statistically different 
then the simulation experiment is continued to complete 

2.000 jobs in the shop. Again results ,of 1,500 jobs and 

2,000 jobs are compared. If these two results are statis- 

# 

tically different, then it is assumed that the shop will not 
come to steady stats for all practical purposes. Then arri- 
val rate is decreased (i.e. less jobs are made to arrive 
at the shop per unit time). 

For all the rules tested, the shop comes to steady 
state within 2,000 jobs. Table Sshow the results of diffe- 
rent design variables after simulating 500, 1,000, 1,500 
and 2,000 jobs. It is clear from the table that the shop 
comes to steady state after 1,500 jobs complete servj.ce. 
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6.3 Job Assignment Rules : 

« 

For the discussion to follov it is assumed that 
the mean inter-arrival time is 3 time units. When the num- 
ber of operators in the shop are £, there is a high proba- 
bility that atleast one operator irill be available on every 
machine. An operator may not be available only if the effi- 
ciency of the idle operator on th3 idle machine is zero, 
ifnen the shop load is not high, there is very less probabi- 
lity that all the iiiachines v/ill be worhing simultaneously. 
Hence employniont of any labor assignmeiit rule will not aff- 
ect the results significantly. Results for various Job 
Assignment Rules eaid Labor Assignment Rules for 9 operators 
are sliown in Table 4, Mean flow - time for SST when Labor 
Assignment Rules is FDFS, is 20,7852 and when Labor iissign- 
ment Rule is MAKQ, it is 20,4577. Job lateness for DUDT 
rule when Labor Assignment Rule is FDFS - 10.98905 while 
job - lateness is -10.9142 when Labor Assignment Rules are 
approximately same for all objective functions tested. 

Let us have a look at the Job i-ssigninent Rules as 
to how each one behaves against various criteria. 

6.3,1 Flow Time : 

The results of this rule are tabulated in columns 
1 and 2 of "able 4. SST and SET are comparable and their 
performance is the best. SST and SPT give priority to the 
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jobs which can complete service faster i«e, they give prio- 
rity to jobs which have less processing tiiiies. liore number 
of jobs can complete service in the same time as compared 
to other rules ancl hence average flow ~ time xmlll be less. 
The order of _priorlty rules in increas.ing flow-time is SPT 
with an average flow - t.i’me of 20.6060 , SST with 20.7852 

DUDT v/ith 22.016 8, KINSBQ with 22.245S, FKSETSIQ with 
22.6271 (Hence-forth FIXSETSBQ ties by DUDT will be referred 
to by FIXSFTSEQ^. The performance of FIISBTS-UQ ties by SST 
is approximately same as FIXSETSSQ ties by DUDT), Slack/ 
operation with 22.6633 and LST with mean flow time 35.7753. 
Set-up tj.me oriented rules will be better for high arrival 
rates i.e. when the shop is heavily loaded. When shop loads 
are moderate, there may not be enough jobs waiting in the 
queue having appreciably different set-up times. By se- 
lecting a job with minimum set-up time the saving in set-up 
times may be very small; on the other hand, a job with large 
processing time or a job having due -dates very far when se- 
lected, would dotoriorate the performanco of these rules. 
DUDT gives high priority to jobs having critical due-dates; 
this rule does not gj.ve any woightage to processing time. 

A job X'J'hj.ch has low work content but a far-away due date 
will have to remain in the shop for a long time. The flow- 
time will thus be more for DUDT and slack/operations. 



68 


6 . 2.2 Job Lateness ; 

Results for this critori.on are tabulated in colu- 
mns 3 and 4 of Table 4. Results show that the mean job - 
lateness is minimui" for SST and SPT but their variance is 
high as compared to DUDT . For oven 6676 confidence level 
tlio values of job - lateness for DUDT lie below (-10.9890 + 
1 .-.'"- - 10,9890 + 14,6 621 = 3, 6731) while for SPT the values 
of job latonoss lio below (-12.3589 + 17.0368 = 4.6779). As 
confidonce level increases the DUDT rule bocores more and 
more effective. Thus DUDT is the best rule for minimizing 
job - lateness out of the rules tasted. The performance 
of slack/opcration largely depends on the due - date fixa- 
tion procedure. Com/ay (5) has siiov/n that tlio ore tic ally 
slack/operation should bo better than DUDT but if different 
methods of due-dato fixation are used, the porformance of 
this rule varies. Sometim.es this rule may work bettor than 
DUDT while on other occasions it may not perform as well. 

Set-up time rules (MIUSEQ and FIXSSTSEQ) which do 
not give any w^ightage to processing times or duo - dates 
of the jobs may bo better for high shop loads. For 1X=3 
(i.o. average inter - arrival time 3 tipie units) sot -up 
time rules (HINSFQ and FIXSFTS3Q) are not better. 
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6-3.3. Idle Time ; 

Resiilts for this criterion are tabulated in columns 
5 and 6 of Table 4, Perfornajice of SPT uitli mean idle time 
of 11.2 677 time units and standard deviation of 11*353 and 
SST with mean idle time of 11.4467 and standard deviation 
of 11.&453 are comparable and thejr performance is better 
than the performance of the other rules. The variation of 
flow - time and idle time are i.dentical* (discussed in Sec- 
tion 6.3 .1) 

6.3.4 Job Tardiness ; 

Results for job - tardiness are tabulated in co- 
lumns 7 and 8 of Table 4. Performance of SPI and SST is 
better than the performance of other rules. Consider two 
jobs i and j with processing times a^ and a^ whose respec- 
tive due - dates have already gone past. Let a^ ^ a^ , 

4- lo 

if tdie i^^^ ,1c)h is scheduled before the j jot'? then the i 
job is late by and the j job is late by (a^^ + a^). 

Hence average tardiness is = a^ + (aj_ + a^ / 2 = + a^/2* 

If the 3^^’^ job is scheduled before the job then average 

tardiness = / 2 = a^/2 + a J . Since ai-c. a^, 

(a + a./2) is in turn less than (a^ + 8 .^/ 2 ). This result 

i t] 

provos ttis-t if tli0 jobs o-ro done in order of increasing 

processing times then job tardiness will be less which means 
SST and SPT give better results compared to other rules. 
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6„.3.5 Number of Jobs Late ; 

Results of number of jobs late for various prio- 
rity rules are tabulated in the last column of Table 4. 
Performance of DUDT is the best v/ith only 324 jobs being 
late out of 1997. DUDT gives the highest priority to the 
jobs which are critical as far as their due - dates are 
concerned and therefore there is less probability of a job 
being late. SST and SPT follow DUDT with 369 and 344 jobs 
completed respectively, later than their due-dates. The 
performance of sladr. per operation depends on the due - date 
fixation procedure. In this case, slack per operation fo- 
llows the SST rule with 377 jobs completed after crossing 
their due dates. Performance of MINSSQ and FIXSETSEQ may 
be better if the arrival rate is high. 

6.3.6 Secondary Criteria : 

As discussed in section 3.5, the secondary crite- 
ria aiwthe machine and labor utilisation. If machine and 
labor utilisations is lower corresponding to an Assignment 
rule then the performance of that rule is better. Same num- 
ber of jobs have been completed by utilis.ing machines and 
operators for a lesser time. For remaining time, the machi- 
nes and operators may be utilised for some other purpose. 

The set-up time rules (MINSEQ and FIXSETSBQ) are 
better compared to other rules for these criteria. Table 12 
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shows overall operator utilisation for different assignment 
rules. hinsSQ proves to be the test with an operator uti- 
lisation of 45.86 % followed, by FIXSETSEQ ties by SST with 
an operator utilisation of 46.018^. To process all the 
jobs completely talces approximately the same processing 
time. The differe.ace in operator utilisation among various 
rules is brought about by the dj.fference in total set-up 
times. In set-up time rules the total set-up time is mi- 
n.imum and hence the performance of these rules must be be- 
tter, Similar arguments hold for machine utilisation as 
well. Table 13 shows the variation of machine utilisation 
for different labor and job assignment rules. For NL = 9 
i.e. when there are 9 operators in the shop, overall opera- 
tor utilization and machine utilisation are same. 

6.4 Labor ii.ssigninent Rules : 

When an operator is free and there are many machi- 
nes which need this operator. Labor Assignment Rules select 
a machine for that operator. 

6.4.1 FDF3 ; 

''Whenever an operator is free, the operator will 
move to that machine which had demanded an operator first. 
This means that there is veyy less probability that.^ 
operator will conti.nue work on the same machine for two 
consecutive operations. If there is no idle machine which 
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requires an operator except the oae which has just comple- 
ted its job, then the same operator will continue to work 
on this machine. This rule tends to distribute the opera- 
tor' s time on all the machines, 

6.4.2 MAXQ I 

A machine v/hich has the maximu'^ number of jobs in 
the queue is given priority. Consider an opers-tor who has 
fin.ished his service on the machine which has maxiiiiura queue 
length. Then according to FDFS , he has to move to a ma- 
chine whose queue length is small. By the time the opera- 
tor completes service on this machine all the jobs waiting 
in the queue of the former machine may become critical. 

.•ijad on the other hand', MAXQ tends to make the queue length 
of every machine approximately equal, jx . look at Tables 5j,6> 
and 7 clearly shows that the performance of I'AXQ is be^ter 
than FDFS for all criteria. 

6.5 Effects of Chaxiging Number of Operators : 

Number of operators are varied between 6 and 9, 
Average service rate of an operator does not change with 
number of operators in the shop. Hence, decreasing number 
of operators will increase the shop load. Performance of 
different labor assignment rules will be different when 
number of operators are less. Performance of MAXQ is be- 
tter than that of FDFS (refer to Table 5,6, and 7) for 
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all criteria. In general, the perfornance of set-np time 
rules (I'lIiSlQ and FIXSETSEQ) is relatively better than that 
of the other assignment rules as the number of operators 
decreases. Tbis is because of the fact that the shop load in- 
creases T,7ith decrease in the number of operators. There 
.'3 a long queue of jobs in front of each machine, whence, 
there is a high probability that overri.ding improvement can 
be accomplished by choosing a job with minimum set-up time 
. ither than on some other criterion. , The effect of vary- 
ing number of operators on different objective functions is 
discussed .in the follovmig sections, 

6.5.1 Flow - Time ; 

Mean flow time increases as number of operator is 
decreased. Standard deviation of the flow - time also increa- 
ses with decrease .In the number of operators. The mean flow 
time increases from 4 to when the number of operators is 
reduced from S to 8 (Fig. 15 and Fig. 19), The level of 
performance of different job assignment rules remains the 
the same as in the case with 9 operators (Table 5). 

When the number of operators is decreased from 8 
to 7, there is ai increase of about 11 - lb% in the meai 
flow - time. The level of performance of different job 
assignment rules also changes because of changes in the 
variance of set-up time (MINSEQ and FKSETSEQ) rules. 
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Standard deviation of L'lFSSQ for flL = 7 is 24.7944 (Refer 
Tabled) while for DUDT it is 26.666(1 ForiKi^ confidence 
level, hIJSEO rule gives "better performance. The uerfor- 
rcance of i-iiiSEQ goes on imuroving witli increase .in confi- 
dence level. Performance of SFT (with a mean flow tine of 
24.6757 and standard dev.1ation of 22.7741) and SST (•'.^d.th a 
mean flow tj.ii'O of 24.7794 and standard deviation of 23.1080) 
continue to "bo better than that of all other ,iob assignment 
rules (results for NL = 7 are tabulated ;lii Table 6 ). 

When the number of operators is decreased from 7 
toe, the moon flov/ - t.ime increases abruptly (Fig. 15 and 
Fig. 16 ) i there .Is an increase of about 28 a - ^Ofo in the 
moan flow time. The standard deviation of mean flow time 
also increases abruptly. The increase .In standard devia- 
tion is as much as 3.5% for DUDT rule. This results on 
account of increase' in shop load. The relative performance 
of KI’‘''SSQ and FIXSTTSEQ conti.nues to be better as compared 
to that o.f DJDT and slaci- per operation although SET & SST 
continue to g.ivo bettor perfoiT'ance as compared to the set- 
up time oriented rules, flNSEQ and FIl^iSETSEQ (values of 
flow - t.ime are tabulated in Table 7 for 6 operators in the 
shop) . 


6.5,2 Job Lateness : 

Mean job - lateness increases as number of opera- 
tors in the shop is decreased. On the other hand, the 
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standard deviation decreases when the nunher of operators 
is decreased frow 9 to 7 hut increases when the nujiiher of 
operators is further decreased (Fig. 16 and Fig. 20), The 
perforirance of DUDT for ilL = 9 and NL = S are compared as 
follows 

(i) For FL = 9 and 69/i confidence level, we can 
say that tlie values of ,1oh lateness will lie below (-10.9890 
+ 14.6621 = 3.6731) (refer to Table 4). Agai.nst the same 
confidence level, values of 30b lateness will lie below 
(-9.29S9 + 14.0342 = 4.7403) for FL = 8 (refer Table 5). 
Tiuese values show tiiat for 69)0 confidence level KL = 9 
gives lesser jot lateness than HL = 8. 

( ii.) For 95% confidence level, the values of job- 
latoiiGSS for KL = 9 will lie below (-10.9090 + 2 x 14.6621 
= IS. 3352). Against the same confi.dencc level, the values 
of job (lateness will li.o below (-9.2939 + 2 x 14.0342 = 
-S,2S39 + 28.0684 = 18.7745) for NL = 8, • NL = 9 continues 
to have bettor behaviour. 

(iii) For 9£^ confidence level r, job lateness for 
most of the jots wj.ll li.e below (-10.9890 + 3 x 14,6621 = 
32.9963) for HL = 95 while job lateness will lie below 
(-9,2939 + 42,102 = 32.8087) for NL = 8. This shows that 

KL = 8 gives smaller value of job lateness compared to 
KL = 9 with a confidence level of 98^t. 
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For a higher confidence level 99. 9 ;! , KL = 8 will 
give less ;iob lateness than NL = 9. Reducing nurnher of 
operators, the performance of assignment rule improves with 
the criterion of minim: zing jot lateness. The mean job 
lateness jncreases by 7 to 17/t whexi number of operators are 
decreased to 8 (Table 5). The order of performance of di- 
fferent 30 b assignment rules continue to be the same as in 
the case of 9 operators. 

When number of operators are decreased from 8 to 
7 the mean Job lateness increases by 21 - 30/6^ for diffe- 
rent Job assignment rules but the variance decreases still 
further. For SSfa confidence the values of Job lateness for 
NL = 7 will lie below (-6.5827 + 3 x 13.7043 = -6.5827 + 
41.1129 = 34.5302), refer to Table No. 7. For NL = 8 , the 
value of Job lateness w.lll lie below 32,8087 for the same 
confidence level, (these comparisons are done for DUDT). 

The Job lateness for DUDT with NL = 8 is less than that of 
NL = 7, oven for a high confidence level. The order of 
performance of different Job assignmont rules continues to 
be the same as in the case of NL = 9, 

Ifhen number of operators are decreased to 6 , the 
mean Job - lateness changes abruptly and it becomes oven 
poslllie for most of the Job assignmont rules when FDFS 
is the labor - assignment rule. With MAXQ as labor assign- 
ment rule', the mean Job lateness still continues to be 



77 


negative. The mean job lateness changes by 66 to 145^5 
when number of operators are decreased from 7 to 6* The 
standard de viatic a also increases as number of operators 
are reduced to 6 . The order of performance of different 
job assignment rules still continues to be the same as 
in the case of S operators (Table 7)* 

6.5.3 Idle Time ; 

Mean idle - time and. standard deviation of idle 
t.1.me increases as the num.ber of operators are decreased in 
the shop (Fig. 17 and Fig. 2l) . I/fhen number of operators 
are reduced from 9 to 8, there is an increase of about 1' - 
VZ’jtj in mean idle time for different job assignment rules. 
Correspondingly there is an increase of about 14 - \S% in 
the standard deviation. The order of performance of diffe- 
rent job assignment rules remains the same as in the case 
of !TL = 9 (Table 5). The performance of SPT and SST are 
better than that of others. ini'lSSQ and FIXSETSSQ are next 
in the list. Performance of DUDT and slack per operation 
Is also comparable to that of MIK3EQ i; FIXSETSEQ (these 
conclusions can be drawn from Talale 5). 

’^hen number of operators are decreased from 8 to 
7, there is an increase of about 19 - 24?:.- .I.n mean idle time 
for different job assignment rules (Fig. 17 and 21). The 
order of performance of job aasigriment rules still continues 
to be same as that in the case of NL = 8 (Table 6 ). 
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Wlien number of operators are decreased from 7 to 6 . 
there is an increase of about 30 - 42% in the mean idle 
time for different job assignment rules (Fig. 17 and Fig. 21), 
The performance of set - up time oriented rules is better as 
compared to DUDT and slack per operation, With NL = 7, the 
mean idle time of DUDT is less than that of MIFSTQ but the 
standard deviation of MIKSEQ is less than that- of DUDT 
(Table 6 ). With HL = 6 , both mean and the standard devia- 
tion of idle tire are less for MIISSQ (Table 7). 

6.5,4 Job Tardiness : 

Mean and standard deviation of job tardiness both 
increase v;ith decrease in number of operators (Fig, 18 and 
Fig, 22). ''Jhen number of operators are decreased from 9 to 

8, the mean job tardiness increases by 8 % for SST and SPT 

but for DUDT it increases by as much as 26%, when the labor 

assignment rule is TDFS. For MiiXQ, the mean job tardiness 

increases by 4 $- for SPT ^ whereas it increases by 23% for 
slack per operation (Table 4 and Table 5), l*ien the number 
of operators are decreased from 8 to 7, the mean job tardi- 
ness increases by 19 - 33?; for different job assignment rules. 
The increase in the job tardiness for SFT and SST is the hi- 
ghest in this case (Table 5 and Table 6). The order of per- 
formance of different job assignment rule remains the same 
as in the case of&operators (Table 6), Performance of 
MINSEQ is comparable to that of SET and SST . 
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Ifnen number of operators are decreased from 7 to 6 
there is an increase in the mean .job tardiness by about 
24 - 52F/a for different 30 b assignment rules. -The variance 
obtained with hlUSSQ and FIXSSTSSQ rules turns out to be 
smaller than the varj.ance obtained with SPT and SST rules 
.’’ith confidence level of FIXSlToSQ gives lower 30 b 

tardj.ness as compared to SST. As confidence level is in- 
creased the performance of FIX3TTSSQ iieproves further with 
respect to the SST rule. Thus the relative order of pep- 
forpiance or various assignment rules changes when number of 
operators is changed from 7 to 6 . (Table 7). Performance 
of FIXSETSSQ is better than SPT and SST and performance of 
SST, SPT and iZHSEQ are comparable in the case when number 
of operators is six. 

6,5.5 Number of Jobs Late : 

Number of jobs which are late increases as the num- 
ber of operators are reduced. (Fig. 23 and Fig, 24), I'feen 
number of operators is decreased from £ to 8 the relative 
order of performance of different assignment rules does not 
change. The performance of DUDT with respect to minimizing 
number of jobs; deteriorates as the number of operators is 
decreased. For NL = 7, and labor assignment MMQ, the SST 
and SPT rules perform hotter (Table 6 ). sflien the number of 
operators is 6 j the performance of DUDT is not as good as 
the performauce of HINSEQ and FIXSETSEQ (Table 7). SST and 
SPT cojatJiiue to gi^ good results for NL = 6. 
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Secondary Criteria ; 

It is -oiily_for the secondary criterion that 
performance it.nproves when number of operators are decrea~ 
sod, 7/lion there are 9 operators in the shop the overall 
operator utilisation is approximately 46/?^ for all the assign- 
n;ont rules (Table 12). If .jobs continue to arrive at the 
shop x^riWi the same mean inter-arrival time then for more than 
50/- of the timo, the operators would he idle, No firm can 
afford to pay ari idle worker. Hence operator utilisation 
with varying number of operators is studied. Table 12 shows 
that operator utilisation is approximately 46fj for 9 opera- 
tors in the shop, 52% for 8 operators, 64^ for 7 operators 
and 7B% for 6 operators (plotted in Fig, 23 and Fig. 24). 

For a particular operator condition, a rule which 

gives a smaller value for operator utilisation is better? 

as the same number of ,iobs h'''vo boon completed by allowjuig- 

4 V 

ail operator "'Ore of free tinio. In case of miniinising opo— 
rator utilisation for a particular operator condition the 
set - up time rules (FBISSQ & FBvSFTQ) give the best results. 
With NL = 6 j v/ith the same number of jobs completed the ope- 
rator utilisation is 76.8361 in tho case of MILIS3Q whereas 
it is 79*421 for SET (Table 12). Obviously, MINSSQ is 
bettor than SEC, 

If all the operators have the same efficiency on 
each raachino, tho overall machine utilisation should be same 
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with different operator conditions. In this work, each 
operator has varying efficiencies on different machines. 

It may be possible that an operator may have more than 9 C^ 
efficiency on one iDarticular machine where others may have 
less than efficiency, if this operator is turned out 
of the factory, then average time needed to complete ser- 
vice on this machine will increase. Thus with the decrease 
In the number of operators, the over-all machine utilisation 
wJ.ll increase. Table 13 shows the variation of machine 
tltilisat.lon with different operator conditions 
tot various co'-'binations of labor and 30 b assignment rules. 
The machine utilisation varies approximately from 46 to 5^ 
for different 30 b assignment rules when numbers of operators 
are changed from 9 to 6 . 

In general MlhSEQ and FIXSETSSQ gives less machine 
utilisation as compared to other rules for the same opera- 
tor condition. 

6*6 Decision about Number of Operators : 

As discussed in section 6.5 , reducing number of 
operators in general Increases the idle - time of jobs in- 
creasing in-process inventory costs and job tardiness (which 
causes penalty cost). When there are more operators, the 
idle tiwe of operators is more* Idle time of operators is 
quite costly; Thus, deciding number of operators is an 



82 


econo ic quo st i.on . 
inventory, pG.jalty 


One cost parameter increases (in process 
cost), wliereas bhe otlier parameter is 


reduced as the number of operators arc docreasecl (cost of 
3. die v/orliDrs). The number of opera.tors can be deciciod if 


cost of carrying in - procoss inventor37', to! lateness and 


idle labor .Is ’mown. 


6,7 Doc.i,Gion about which of tho Opera.tor is to be fired? 

Dopve.cd.lng on tho situat.io.n let us assumo that the 
ranaoo’‘C.nt lias taken an economic decision to reduce the num- 
bor of operators by ono. Wow which of the operators should 
bo t’virncd out? This question is answered bj'" knowing the 
•In ’ i^ildual operator ut.ilisation . Individual operator uti- 
lisation v/.i.th different operator conditions are tabulated 
in table 8, t, 10 and 11. 

iis shown in table 8, oporator number 7 has the mi- 
nimui}' utilisatio.n of only . Tho operators are selected 
according to tiie maacimum cffic.lencY rule (operator which 
has niaximuiTi off.iciency out of the idle operators is _ selec- 
ted for operation) . Operator nuiieor 7 has, a small value of 
efficiency for most of the rnach .Ino s • It '.luso bo checkea now 
If thoro J.s sopio mach-ine which can be handled only by this 
operator i.o. the machine is a special machine and only one 
person is available to operate this machine. In such a 
situation, operator with the least individual utilisation 
can not bo fired. In the present case oporator 7 is not 
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a special op:’ rate r wuid Iiojicg his 


services “ay he torminatod. 


bj '-.‘-larly, for different operator conditions 5 de- 
-- ar l..i,y.inr off can he ta!:.en by critically analy- 


.ny the lahou/ effic.-iancy matrir 


and indi.eidual operator 


utilisation. 


6.8 'iiffoc!;, of jiighor Arrival Rates ; 

As the arrj.vaL rate ■'.Is increased, the p'-erforwance 
of G'Ot - iiM rules (IlilSilQ and FlXS;'llTSh3Q) improves as com- 
P'.'.f.d :e ift. ■ i!-i;l:i.)r rnlos. S.1nce min Ini zing the job lateness 
,i‘:ono of' 'J;ii;niost important cr.i.tor1on5 hence onl:/ DUDT and 
I I'''S*i5Q nilcT. are compared for 0 moan 5 liter-arrival time of 
2.00 t.ii 0 i'r’ii''.G ('IX = 2.00). The results for different cri- 
i a arc t.r.bulated .in table 14. 

b.h.l P : lanco o:!r i^ssignmont Rules Jsing Different 

Criberia ; 

''oae. standard dev.iation of .floi^ time is less 
in the dase of hlhSiQ. The average job lateness of MINSSQ 
.In loss l.'Ui tlie standard deviation .is h.;.g]LGr. Svon :ror60^ 
comridcnco level? job lateness for MlilSRQ is larger than 
that of’ DUDT. For nihiuizin.g .Idlo time and job tard.lness 
i'lso p.jrfoCT'iance of ME'.SdC is totter (only the standard de- 
viation of job tardiness of hrEFS'JlO, which is 44.0727, is 
higher than that of DUDT , v/n.lch .is 43.7481 as shoi^ ,ln 
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TalDlo 14), But even for 3#^ Confidence levels jot 
tardiness for lilNSEQ will Le losser than that of Dunr, 

DUDT gives mininiTin value in case 03? BX = 3,00 whereas for 
EX = 2.00, FIHSEQ gives the smaller va3.ue for the nnmher 
of jobs late (Table 14), 

For secondary criterion of minimising operator 
utilisation and machine utilisation, performance of MINSEQ 
is bottvcr than DQDT (Table 15). 


6,8.2 Effects of Changing the Number of Operators t 

tJhcn number of operators are decreased the per- 
formance of MIFSSQ is improved as compared to DUDT. In 
case of DUDT, it was not possible to have 7 operators be- . 
can so the queue length at machine number 3 increased to 
mono than 100. 

When tho number of operators rre decreased from 
9 to 8, there t.s an increase of 40b in the mean flow time 
for niNSSQ and 65f for DUDT (refer to Table 14), The mean 
3oh lateness isltioroasad hy 27ir for WNSBq and by 372^ 
for t)io DUDT Rule, Moan idle time is inoroased byt#- for 
I INS3Q and by for DUDT, Mean job tardiness is in- 

croasod by 475* for liinSBQ and by €9,5% for DUDT, Number 
of jobs late is iiicroased by 2% for MINSEQ and by 26,0^ 

for DUDT, 

When tho number of operators are reduced from 8 
7, DUDT could not simulate 1997 jobs as the queue length 
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at machino 3 increased to more than 100. 

The operator and machine utilisation are plotted in 
Fig. 27. The individual operator utilisations for diffe- 
rent operator conditions are tabulated in Table 16. 



CHAPTER 7 


results Al'ID CONCLUSIONS 


7.1 Rg suits; 

A modol is built to simlato a job - shop. Jobs 
aiiivo at tho shop continuously. Each machine has a diffe- 
i'cnt moan service time. Processing tiaaes are generated 
from an exponential distribution. Due dates are fixed to 
l:,ahc into account the processing times and also the urgency 
nf a job. Jobs to bo serviced on a machino are selected by 
job assignment rule, out of tho jobs waiting for service on 
i;ho r'achjno. A machine is selected 'by employing a Labor 
Assi gtinent Rule. From the simulation studios, following 
r.,! suits arc drawn : 

1. The performance of SPT and 3ST is better compa- 
red to other rules for minimizing flow - time, 
minimising idle time and minimising job - 
tardiness when mean intor-arrival time of jobs 
to the shop is 3 tine units. 

2. Performance of DUDT is better for minimizing 
job lateness and minimising number of jobs 
latq. The relative performance of DUDT dete- 
riorates as number of -operators are decreased 
in the shop. 
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• In goneral, decreasing num’Der of operators 
i.ncreases mean value of flow-time, job late- 
ness, Idle time, job tardiness and number of 
jobs latoi^.' Tbe variance of different perfor- 
mance indices increase as number o'^ operators 
are decrease^- ( job lateness is an exception, 
where the variance decreases as number of ope- 
rators is decreased) . The variations in the 
design variables is not much xdien number of 
operators is decreased from 9 to 8. The va- 
riation liocomes more idsen number of operators 
is dccroasod from 8 to 7, Tho values of diffe' 
rent cbjoctivo function changes abruptly when 
number of operators is decreased from 7 to 6 . 

4. T)io performance of J-laxiraum Queue Length as a 
Lalior Assignment Hulo is bettor than First 
D unand First Served for all ouere.tor condi- 
tions and fo all objective functions, 

6, Opnrator utilisation increases as number of 
operators i.s decreased. Machine utilisation 
also increases as number of operators are 
decreased , 

Performance of sot »• up time oriented rules 
(MIHSEQ and'FIXSETSEQ) is better against the 
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criterion of minimizing operator utilisation 
for same number of ^obs completed within the 

same time. 

# 

7, Decision about which of the operators is to be 
fired when the management has decided to de- 
crease the number of operators, can be taken by 
having a look at the labor efficiency matrix 
and individual operator utilisation. An opera- 
tor with the least utilisation is laid off first, 

8, The performance of set - up ti.me oriented rules 
is better for higher arrival rates. 

9, Although performance of SEE is better as com- 
pared to SST, it is difficult to apply the same 
in practice. ' SST is a static rule and operators 
can easily understand it. SPT is a dynamic rule, 
vrtierc each time the operator has to find the sum 
of processing times and the set - up times. Now 

nr 

the .1ob with minimum process times is selected 
for processing. Thus, use of SPT entails the 
roQUiremont of a skilled operator. 

10. The sot - up t3.mo rules are difficult to apply 
.In practice because of their complexity. 
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7.2 Scopo For Further Work 


111.; rjsiilts reveal that a sin^lo assignment rule is 
not suit«..d for 0.11 tno criteria under study. Hig assignment 
rules \/hich give priority to the jobs \n.th critical duo - 
dates r.ro ifoll-suitod for minimising job - lateness; uhereas, 
SSI d SPT c>.ra cost suited for minimising idle time. A combi- 
ftw.torial fcn'proach to job assignment rules coui b-o made, which 
can t-oko into account tho critical due-datos as well as the 
processing time requiroments for a job. The rules for sche- 
duliii'' thu." formulated should bo simple and easy to comprehond 
f'or th; workers. 


In tho present wort:, the different Criteria tested 
arc jad-CDondont of each other. In practico, howovor, an op- 
tlrum satlsfactJ.on of all tho cnltorla .Is to bo looked for. 
The ”’anagoi.''ont is .Interostod not in minimising penalty for a 
single crj, bor.iOiT., but in ovor-all optimisation. An integra- 
ted objocti v;.: fiuiction can well be formulated by considering 
the rolatJ.vo .importance of var.lous cr.itGria (e.g. in-process 
inventory, job lato-ness etc.) and the optimisation can be 
done subsoquontly. 

A siiEUlat.ion approach as used here can well be used 
to advantage for the combinatorial problem. 



appendix - 1 


T A B I E t 
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TiiBLZi ro. 1 
s:iiT - UP Titm i-uiSiiix 


T 


lie t ii}‘ 
cln - i : ^ 

■iCt c, I 


Set up class of following jot 


1 

2 

3 

1 

5 

6 

7 

8 

9 

10 

o.oc 

0,3 r 

0.31 

0.20 

0.31 

0.13 

0.31 

0.13 

0.28 

0,20 

I ' l . 01 

L \ U 0 

0.13 

C .15 

0.17 

0.12 

0.14 

0.29 

0.36 

0.30 

0.3 ‘t 


o.oc 

0.12 

0.04 

0.29 

0.33 

0.09 

0.19 

0.31 

w '51 

0.27 

U .59 

0.00 

0.17 

0.39 

0.31 

0.02 

0.20 

0.04 

O.K' 

0. 35 

0.20 

0.06 

0.00 

0.23 

0.05 

0.06 

0.21 

0.28 

cuTf 

0.35 

G .16 

0.21 

0.37 

0,00 

0.23 

0.13 

O.OS 

0.00 


0.20 

0.38 

0.04 

0.35 

0.12 

0.00 

0.09 

0.1 S 

0.03 

o,yi 

0,03 

0.36 

0.37 

0.19 

0.27 

0.36 

0.00 

0.24 

0.22 


G . C 6 

0.02 

0.15 

0.29 

0.35 

0.23 

0.19 

0.00 

0.36 


0.15 

0.35 

0.29 

0.07 

0.23 

0.10 

0.19 

0.24 

0.00 


1 - 
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TiiBLE IIo. 2 

TZSTI.:;;, for IhlTLi CO/DITIOI'S 
' OB iiD3IGi,0B:i RUfjjj] „ 33F 
La.-.'Ort A3 S:[G:;,F];f FBLB - IRJCQ 


BX =3.00 


FiuiCtion 


iBesulte Obteined after {Results obtained after 
g.xcludl ng first 50 .iobslexcluding; first 100 .jo bs 


I’t-an 

I'M '.V T i;.ip 


20.4604 


20.4577 


Average 


7 li'* •Timi? 


■■■ ill i !i. i aiili; Avf rage 
•'<'t tntenr'ca 


11.1223 


- 12.5706 


11.1210 

-12.4 966 


TiJiLB NO. 3 

iiiJXllR OF JOBS STLULXTSD 
JOB XSSIG.'b'^l'IT RULB - SST 

SX = 3.00 


mm 

jgnpiliiipiigill 

Objective Function 



■BIH 


i Job { 

1 Tardiness 1 

Jobs 

Late 


It .5515 

-13.7436 

9.5547 

13.2943 

77 

1.i€ 

20.6504 

-12.4426 

11.570^r 

18.4149 

192 

iGoe 

2C.5020 

-11.8875 

11.3103 

19.4069 

285 

2Uh.‘ 

20.7652 

-12.1754 

11.4467 

20.1465 

269 
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TABLE MO. 4 


PSKR’ORI-.AMCS OF PRIORITY RYLES 


ML 


Q 


!.OC 


IjQ.box'i dob ^ 

Assn. |Assigrmient][ Flow Time 


Rule i Rule J Mean Jstandani 

J I 1 De-y. ][ 


I I po. of 

( Idle Tpe I Job Ta rdi ness p obs 

Mean I Std7~l Ifer-n I Std. J Mean 1 Std."~j[la1:e out 

I Dc:v. I I De/. I i Rev. lof 1997 


Job Lateness 


FLRS 


SST 20.7852 16.4252 

LIIDT 22.0168 21.5677 

MIISEQ 22.2458 19.7299 

RIZSELSEQ 22.4422 19,8601 

ties by DTIDT 

EIZSELSBQ 22.6271 20.0478 

ties by SST 

SPT 20.6060 18.1910 

Slack/ 

Operation 22.6633 21,3119 


-10.3335 18.1837 13.2894 13.7970 25.6692 22.5780 455 
-12.3589 17.0368 11,2677 11.3353 19.2877 18,7345 344 


LST 


10.3151 
35.7743 172.5599 2.8242 


15.5411 13.3206 14.7974 22.9113 23.5481 
169.0113 26.4,505 171.0684 92.9672 356.2657 430 


llAIQ 


SST 20.4577 18.1303 

DUDT 22.0457 21.7171 

MIKSEQ 22.1240 19.5691 

EIXSETSEQ 22.5125 19.9362 

ties by DUDT 

EIXSETSEQ 22.2891 19.8693 

ties by SST 

SPT 20.5259 18.2119 

Slack/ 

Operation 22.4736 21.1340 


LST 


10,5047 
35.5254 162.5100 2.5971 


-12.4966 17.3063 11.1210 11.3774 19.8193 

-10.9142 14.4354 12.7067 14.8529 23.2225 

-10.8409 18.3442 12.7858 13.2900 24,9919 

-10.4952 18.1196 13.1637 13.5864 24.9782 23.1992 448 

- 10.6300 18.0<h92 1 2.9606 1 3.5913 2 5.2912 2 3.3288 4 3 0 

-12.Y1-62 17.2879 11.1850 11,4545 19.3526 18.9414 342 

15.3969 13.1310 14.5402 21.4568 22.6368 368 

158.7748 26.2135 160,8484 99.6251 356.4018 377 


,8099 

369 

7002 

324 

9677 

449 

,4142 

4 55 

5780 

455 

7345 

344 

5487 

377 

>56.2657 430 

,8236 

354 

,0732 

316 

,1062 

446 

,1992 

448 

,3288 

430 

.9414 

342 
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TAE^E HO. 5 


PERF-ORIvlikl^CS OP PRIORITY Rl'LES 
it: = S SX 3.00 


Labor i jf 

Assn. |ABsignment_ 
Rule I ' Rule 

I L 


T 


T 


ilToV of 
I Jobs 


Plow Time 
Mean I Std. 
I Dev. 


Job l ateness 

I Std. 


Mean | Std. x Mean 
I Dev. I I Lev. 


Idle lime I Job Tardines 

rw: 


Mean I Std« ilate out 
\ Lev, iof 1997 


FDPS 


SSI 

21.9973 

19.9943 

-11.0085 

16.9333 

12.6465 

13.2932 

21.9513 

22.2840 

416 

DULT 

23.7118 

23.6951 

- 9.2939 

14.0342 

14.3631 

16.8895 

27.6017 

28.7262 

399 

MIIISEQ 

23.5743 

21.2146 

- 9.3848 

18.0877 

14.2372 

15.0328 

27.1353 

24.5867 

504 

PHSETSIQ 
ties by LDIffl 

24.2285 

21.7882 

- 8.7439 

18.3186 

14.8874 

15.6149 

28.6376 

25.3232 

526 

RKSEISEQ 
ties by SST 

23.8672 

21.4511 

- 9.1049 

18.2426 

14.5264 

15.3061 

27.9082 

25.0169 

519 

SPT 

21.5930 

19.2876 

-11.3720 

16.9544 

12.2547 

12.5397 

20.8438 

21.2846 

386 

Slack/ 

Operation 

24.3329 

23.2635 

- 8.6708 

15.0511 

14.9861 

16.7825 

25.8057 

26.8978 

472 

1ST 

37.3726 

176.7403 

4*3666 

173.2614 

■ 28,0366 

175.1715 93.6242 360.7116 440 

SST 

21.5520 

19.2811 

-11.4537 

16.9050 

12.2032 

12.4781 

20.9707 

20.8806 

395 

IIIDT 

22.9630 

22.5225 

- 9 . 9969 

14.4212 

13.6240 

15.6480 

25.3733 

26.7116 

368 

MINSEQ 

23.3252 

21.0518 

- 9.6868 

18.1637 

13.9746 

14.8239 

25.9354 

24.5068 

491 

EIXSETSEQ 
ties by DUDT 

23.7359 

21.1472 

- 9.2184 

18.0877 

14.3992 

14.9251 

27.5758 

24.5116 

510 

EIKSETSEQ 
ties by SST 

23.7694 

21.2969 

- 9.2064 

18.2972 

14.4289 

15.1327 

28.0267 

24.6950 

521 

SPT 

21.5162 

19.0100 

-11.4895 

16.8079 

12.1674 

12.1928 

20.1547 

19.7925 

386 

Slack/ 

Ope ration 

23.9858 

22.0176 

- 8.9863 

15.2050 

14.6450 

16.5427 

26.8897 

26.4755 

437 

1ST 

37.1547 

189.7071 

4.1029 

185.3901 

27.8116 

188.0471 95.9354 395.5876 423 


MAXQ 



95 


TAELE NO. 6 


Labor) Job ) 

Assn. lAssigninent ) Flow 
Rule I Rule x MeaQi 


PERFORI'JJ-yCE OF PRIORITY RULES 
NL = 7 EZ = 3.00 

) I I {no. Of 

lime { Job Lsteness { I dle Tihie | Job Tardiness {jobs 

1 Std. TMean | Std . Me gin ,i Std. i Mean { Std, {late out 

{ Lev. { { Lev. | { riev._{ | Lev, {of 1997 


SSL 24.7794 23.1030 -8.2CV;3 16.6928 1 5.4 3 35 1 6.6168 2 8.1567 28.202 4 541 

LULL 26.4231 26.6660 -6.5827 13.7043 17.0743 19.8323 33.0636 31.8149 540 
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Labor! Job 
Assn. lAssignmeni: 
Buie I Eiile 

I 

SST 

DIIDT 

MIBSEQ 

BIXSETSEQ 
ties by DUDT 

EEES 

EKSETSBQ 
ties by SST 

SET 

SlacV 

Operation 

LSI 


SST 

DUDT 


MIBSEQ 


MAXQ 


EUSETSEQ 
ties by DDLT 

EKSETSEQ 
ties by SST 


SPT 


Slack/ 

Operation 


TM'Ldl HO. 7 ■ 

PHKFORI'iAITCH OF rRIGRITY RULI-S 
IiL = 6 IDX = 3,00 


Plow Time I Job Lateness I Idle 


Mean ! Std. J 
I Dev. j[ I Dev. I { Dev. R 


. jillo . of 

1 Job Tardiness Ijobs 


Mean ! Std. Slate out 
I Dev. lof 1997 


30,798^^ 31.3757 -2.1266 20.6368 21.4702 25.3348 39.3211 38.3384 814 
34.2309 35.1017 1.3377 17.0028 24.9046 28.4873 45.7412 40.7454 966 
33.3445 32.4711 0.3787 22.5729 24.0057 26.7432 43.0387 37.4576 886 
33.7805 32.0658 0.7748 22.1289 24.4341 26.2069 43.5760 36.1547 913 


EOT TESTED 

30.6611 31.0257 -2.3446 20.5358 21.3147 24.9697 38.9907 38.1789 794 

35.2908 34.8406 2.3878 18.8919 25.9678 28.7565 45.2001 38.9042 1067 

46.9739 180.255 13.929 174.491 37.6358 178.120 75.7880 263.612 864 


29.9866 30.4882 -2.9683 20.5375 20.6493 24.4249 38.5085 38.1103 775 

30.6954 31.1971 -2.1867 15.1557 21.3757 24.4789 41.3276 36.7519 786 

31.0333 29.5432 -1.9325 20.6224 21.6945 23.6947 39.8064 34.3513 814 

32.0248 30.8714 -0.8860 20.1949 22.7003 24.9372 41,1939 35.6751 857 

EOT TESTED 

30.1704 31.1923 -2.7945 21.4536 20.8321 25.2113 38.3876 38.8812 790 

32.3521 31.5390 -0.5269 16.3848 23.0327 25.2703 40.9059 35.4783 938 


LST 


I 0 T 


TESTED 
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table no. 8 


H'IDIYIDUAL OPBRATCR tttilISATIOI' 




nL 

= 9 


■171 Y 

= 3 

, 00 



labor! Job ! 




Operator 

Rumber 




Assn. lAssignmentjC 
Rule ! Rule ][ 

1 

2 

3 

/] 

5 

6 

7 

8 

9 

SST 

32.26 

65.02 

35.51 

38.74 

66.05 

55.99 

8.35 

47.62 

69.24 

RUio: 

31.78 

65.94 

36.99 

38.63 

65.56 

55.06 

8.19 

47.58 

69.14 

MIISEQ 

29.20 

65.01 

36.95 

38.35 

65.12 

55.50 

7.35 

46.84 

68.36 

RIXSETSEQ 
ties by DUET 

30.52 

64.80 

37.47 

38.05 

65.45 

54 . 96 

7.29 

47.21 

68.58 

PT)^S 

EIXSETSEQ 

29.96 

64.86 

37.60 

38.23 

64.70 

55.32 

7.88 

47.32 

68.30 

ties by SST 










SET 

31.70 

65.38 

36.06 

38.83 

66,25 

55.84 

7.84 

47.04 

68.85 

Slack/ 

Operation 

30.94 

65.55 

37.56 

38.48 

65.81 

55.19 

6.95 

46.12 

69.75 

SST 

28.94 

65.78 

36.50 

38.44 

67.14 

56.02 

6.86 

48.27 

69.95 

DUET 

29.39 

65.81 

35.99 

38.55 

66.58 

55.72 

7.49 

48.75 

69.43 

MIIISEQ 

29.43 

65.00 

36.13 

38.31 

65.70 

55.18 

6.49 

47.40 

68.98 

EKSETSEQ 
ties by EDET 

29.35 

65.57 

35.15 

38.22 

65.81 

56.01 

8.54 

47.16 

68.31 

I/IAZQ 










EHSETSEQ 
ties by SST 

28.79 

64.90 

36.34 

38.35 

65.68 

56.06 

7.58 

57.69 

68.89 

SET 

30.44 

65.26 

36.27 

38.97 

65.97 

55.65 

8.29 

48.11 

69.07 

Slack/ 

Operation 

29..71 

66.48 

35.12 

38.36 

67.17 

55.59 

7.75 

48.58 

69.12 
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TAELS ilO, 10 

IIjDIVIDUAL OPSRiEL'a-Ii UTILISATIOiV 



TL 

= 7 


Zjji, t'-.* 

.00 




labor} Job } 

, X . _ . , X 



Operator Funiber 




jissn. 

Eule 

jiASSignmenTr 

I Bole 1 

1 

2 

3 

4 

5 

6 

7 



SST 

78.95 

74.75 

69-80 

53.26 

71.07 

63.47 

46.84 



DUDT 

79.76 

75.36 

69.37 

52.29 

70.51 

63.17 

45.01 



MinSEQ 

78.10 

74.47 

68.96 

50.69 

6 9.56 

62.94 

44.69 



FEfSETSEQ 

78.13 

74 .74 

6 9.99 

52.28 

6 9.99 

63.05 

44.52 



ties by DUET 








EDPS 

PIXSETSEQ 
ties by SST 

79.44 

74.52 

69.42 

51.57 

70.28 

63.13 

40.08 



SET 

79.30 

74.39 

69.41 

53.45 

70,86 

63.54 

45.82 



Slack/ 

Operation 

79.79 

75.09 

68.70 

51.74 

70.63 

65.86 

46.09 



SST 

79.87 

75.02 

68.69 

50.26 

71.99 

62.37 

43.88 



EUDT 

79.85 

74.04 

69.54 

52.36 

70.79 

63.65 

44.32 



ffllSEQ 

73.85 

74,13 

68.00 

50.58 

70.51 

61.62 

42.13 



PKSETSEO, 

78.79 

7s .57 

69.22 

50.72 

6 9.45 

62.32 

42.71 



ties by DUDT 








MASQ 

PIXSETSEQ 
ties by SST 


N 

0 T 

TEST 

7 D 





SET 

79.94 

74.74 

69.27 

52.42 

70.76 

63.23 

44.47 



Slack/ 

Operation 

80.35 

75.06 

69.69 

51-89 

71.52 

61.91 

43.39 




100 


Tm3l I-TO, 11 

IIIDIVIDUxiL 0F3I1.10:i TJTrulS..TIO' 
IiL = 6 'S = 3,00 


labor ^ 
Assn. ; 
Rule : 

1 Job [ 



Opero 

tor Pijunber 



X iissigxiuieinj x" 
i Rule ! 

1 

o 

3 

-i- 

5 

6 



SST 

85.51 

83.66 

79.19 

70.96 

79.18 

78,52 



RIIDT 


IT 0 

T T 

E S T F 

D 




MIRSEQ 

83,79 

81.15 

78.07 

68.54 

78.16 

76.59 



PKSETSEQ 

83.80 

82.63 

77.81 

6 9*68 

77.77 

77.76 



ties by PUDT 







PDFS 










PIXSETSP.Q 


R 0 

T T 

K S T r 

B 




ties by SST 









SPT 

85.95 

83.61 

78.86 

71.44 

78.92 

78,83 



Slack/ 









Operation 

85.33 

83.41 

79.65 

71.01 

79.16 

79.83 



SST 

85.54 

82.05 

77.59 

68.02 

78.82 

77.54 



DRDT 

86.45 

82.81 

78.54 

70.03 

79.71 

77.94 



MLRSEQ 

84.03 

80.72 

77.64 

66.60 

76.93 

75.09 



PKSETSEQ 

84.34 

01.48 

77.63 

66.81 

78.63 

75.84 



ties by DUPT 








BIAXQ 










PIZSETSEQ 


W 0 

T T 

E S T E 

D 




ties by SST 









SPT 

85.98 

82.75 

80.13 

69.18 

79.78 

78.69 



Slack/ 

Opyration 85.39 82.16 79.02 69.32 79.40 76.60 
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TABLE NO. 12 


OVEpJiL OPER.TOOR UTILIS.JION 
EX = 3.00 


Labor 1 Job | 


Humber of Operators (hi) 

Issn. {Assignment T 
Rule 1 Rule | 

9 

8 

7 

6 

SST 

46.31 

53.98 

65.45 

79.50 

HURT 

46.54 

53.82 

65.07 

79.32 

MIMSEQ 

45.86 

53.15 

63.34 

77.72 

PHSETSEQ 
ties by DUDT 

46.03 

52.87 

64.67 

78.24 

PDES 

EUSETSEQ 
ties by SST 

46.02 

53.31 

46.50 

78,42 

SET 

46.40 

53.74 

65.25 

79.60 

Slack/ 

Operation 

46.48 

53.90 

65.13 

79.73 

SST 

46.43 

53.69 

65.23 

78.24 

DTIDT 

46.41 

53.66 

64.94 

79.25 

MINSEO 

45.85 

52.81 

63.69 

76.84 

EIXSETSEQ 
ties by LUDT 

46.01 

53.02 

63.91 

77.46 

I'lAXQ 

EIXSETSEQ 
ties by SST 

46.03 

52.81 

HOT 

TESTED 

SET 

46.45 

53.55 

64.83 

79.42 

Slack/ 

Operation 

46.43 

53.55 

64.88 

78.64 
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ML '3 jC. 13 

OVlRrJLL MACHINE UTILIC.ITIO: 
EX = o , 00 


Labor! Job | 


Fumber of 

Operators (RL) 


iiooU* yjh Sol^IiniSil u x“ 

Rule I Rule 1 

9 

8 

7 

6 

SST 

46.31 

47.99 

50. 90 

53.00 

t DULL 

46,54 

47.94 

50.61 

53.00 

MIRSEQ 

45.86 

47.25 

49.93 

51.81 

RDCSETSEQ 
ties by DUDT 

46.03 

47.30 

50.30 

52.16 

PLRS 

RIXSETSEQ 
ties by SST 

46.01 

47.38 

50.16 

- 

SPT 

46.40 

47.77 

50.75 

53.07 

Slack/ 

Ope ration 

46.48 

47.90 

50.64 

53.15 

SST 

46.43 

47.73 

50.22 

52.16 

LUDT 

46.41 

47.67 

50.51 

52.83 

?'irssc 

45.85 

48.05 

49.54 

•51.22 

PIXSETSEQ 
ties by DOLT 

46.01 

47.13 

49.75 

51.64 

¥MQ. 

PIXSETSEQ 
ties by SST 

■■'.6.03 

46 . 94 

ROT T : 

E S T E D 

SPT 

46.45 

47.60 

50.40 

52.95 

Slack/ 

Operation 

46.43 

47.38 

50.46 

52.43 



TiiELS HO. 14 
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DUrr 40.03 41.50 10.17 19.34 33.72 34.60 54.25 43.75 1295 

9 

MINSEQ 40.02 39.47 7.23 28.47 30.72 34.09 50.18 44.07 1094 


DULO? 80.71 67.55 48.03 47.97 71.44 61.55 91.92 6 5.86 1642 

PDFS 8 

MIISEQ 59.75 64.53.26.96 51.52 50.45 59.55 73.90 69.05 1381 

DUDT FUtCBER OF JOBS IF QUEUT OF MACHIFE 3 AKE GHEATER 

^ TFAM 1 00 


MUJSEQ 152.0 191.3 120.2 180.0 142.9 187.5 164.2 194.2 1751 



DUDT 70.529 84.180 - 10.529 74.816 

FDFS 

EHTSEQ 69.497 82.12 1 96.593 6 9.4 97 72.997 7 5.130 



I;0IVlDaiiL 0P3H.'iT0R UTILI3ATI0" 
3X = 2.00 


Laborpfiimber Job ^ 

Assri.l of iAssign'oentl . 
Rule lOperatorsi Rule | 


Operator J'umber 

2 3 4 5 6 7 8 9 


DTTDT 62.26 C5.22 68.74 57.89 86.34 79.73 33.87 71.15 89.54 

MUMEQ 62.34 82.33 6^.76 57.51 84.59 77.67 31.34 68.56 87.38 


FDFS 8 


DUD1 93.81 89.51 83.44 73.63 89.73 86.11 72.59 84.52 

MDTSEQ 91. 1C 88.58 81.58 72.11 88.11 84.46 69.36 81.6? 


DIID'T HUI'/rHE;R OF JOBS DT THE Q'lEDE OF I'^CHBTF, 3 ARE MORE A4 

THAR 100 


MIRSEQ 


98.07 98.16 97.20 91.26 96.05 96.55 95.86 



APPEroiX - 2 


COMPUTER PROGRA]\T 


LISTB^G AND PLOW CHARTS 







L V 


A I I' P !■- C' G .' '' 1 


I .'■ -'V .vt J ■ 


-::■ x- ^s- * * * -ff * * -:f -if •)!■• 
* 
* 
■» 

-. :- -;; * -:;■ -;j- -x- * -;(• x 


I HJ03 

IR'^Tc f'AIh: 

■Ul!v£wS10;-: T 1A|. VL ( I ) s .) ( ? '.0 j ? ' ) ? T J ■'; ( ’’I'C ^ , I'-ii '."OP ( ?o0 ) ? 

iTi'.iTnT ( ?uu ) j T'iPL T ( - ! ^DL'I-^T ( ) ? I '..'■'-O’" ( ; > s JI.-'ibEX ( ?;' j > ? JL^ST { 9 ) 

?> jSTm ( n , ] ) jjObO^P ( o s 1 >. V, ) 5 Ti -A;' /C ( o . , jpLnp { o ) 5 ^■ppT ( Q ) 

» TI'-.LSU { 9 ) ? JC '..;.0 t T ( n ) s Jbi''A i T ( ^ ) ? NQUH { 9 ) , ALPH ( o ) , 

A^liTUP ( ].0 9 ] ) sV/t-h l-fYt 0 jp ) 9 IGI-TLL ( 2 - •■ ) r 'VSl : ( 9 ) 9 T'':grT] ( lO ) 9 

■5 I pmDX ( 9 ) s 1 pnLo I ol)^p I'pCQ ) sC ( pwO ) ( P<J „■ ) 

'-'DUnT ( 2 ^' 9.'’0 ) 

D T T ni''. T ( Q ) !. i )1 lS ( 0 ) jQP ( 9 ) 

DIYPNGIO,'.' jJpTirodl) 

,(.0' ■■ •P. /iH.C] / V'L /i-^[.C?/JST!'.i 9 jf'iJ.oP'F/ til / jOoSEq ,T'0[(''B/iiLC4/l.'/L'Ff- Cy j 
liIp,MDX/bLC:-.IJOupR 9,P'0PT 9 JLA5T/bLC6/l ■ t; :si 1 /Ll C?/ r'-iAp^Y /bLCB/TP’SCOS/ 
2|bLC9/CLT Irit/ul C 10 / TMTOT » Tf^PLT / dLC 1 1 / j I r'L;cx / pLC] 2 /L"’.' OP /dLC 1 ? /p , C , R 
3/t>LCi4/ 1 vLt T'JP/LLClb/^-'UUT/Ll.bl 6/Nl , i-/ L ] 7 / I OD d r?/L-W_C 1 8 / 1 X 

4 * A L i ' H 

4 ''/bLC 3 9 / T f-'L 5 b j bLUDT / olCoC/jCOA I T » jbi.-'A l 1 ,Mr'i n- 
JriTEGER SFJSEa 

'"rL'ADb jM » Ml = ( Al'^I I’W I ) , I -1 jfj; 9 |Ml 9 tx 
5 FopmAT ( I 1 9 I 3 99h 3o 1 9 I 1 5 F 40 1 ) 

DOllI = l9li' 

0012 J=1 » IP 
X 1 =RMPY5 ( Y5 ) 

St TUp ( 1 9 j ) =0u 4«-Xl 

IF( I orp.Jl^FTupi IYJ)=:U, 

12 COMriMUp 

TpLEl 1 ( I )= oAxroOYS (YA) 

11 col'll I I'lUF 
D03 3 1 = 1 9. M 
D 0 1 A J = 1 9 .Y 
X] =PMDYF ( Y7 } 

1F(X1 a| L.;.. 2 ).;Lri-d.Y( I 9.i‘ 

It ( X 1 ^ S 1 <■ V V 2 u / T'.l 0 o X 1 I L e 
IF (XI ,.GToi. .9 ) ( T 9 .n=Xl 

14 CONTT.LUE 

13 COPTliVUf; 

RFAL ' iFA'' = 9 ! il 

RFAL .'irA;'? 

RFAL b'O.A..,l = '1FA';2,L,rAP3 
TNDFX1=1 
IMDEX2=1 
EX = 3« 

2002 ml =9 

IC MT=u 


■ ) wEh ! CY ( i 9 j ) = 0 u 9 + ,X 1 -0 ^ 2 
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pnp-TlGfl »ml9''X 

IG J1 ( 1X 5 I/, :* '-FX='; » Fl>. u 4' / KX > — 

PF1NT1GG2 5r’'0'”Xl sT^'CrX? 

16 0.? Fr.^.PAl ( 5X 3 }.' I.'iffX] =".f » T 3 T O'^X ? = -;«■ s T ) 

I X3=3 

Dnl6I = 3 >1<.> 

CALL FA"' 'U-'i ( T X v,Xl ) 

16 COATliJUr: 

I TARll = t. 

I TAR ] 2 = 0 

CALI. FLU^' { 3U- ..0 ) 

I TAR 13 = 0 
I TAr'lA=0 
IOL = 0 
I TAP 13 = ',) 

PCOST = 0'„ 

C COST = 0 „ 

I TAP 16 = 0 
I TAR 17= :• 

ITAPI B=o 
rrARio=:.. 

I TAR? 0 = 0 
MT1 = 0 
MFA^17 = 0. 

SUM7=0« 
iVjFAMl = 0 o 
V!rAM7=0<. 

klt=o 

M F A w 3 = 0 » 

S U 1 = 0 o 
SUH2=0. 
oUM3 = o<. 

IJK=1 

N.; p A M A = () u 

.MF/\p r, = u ^ 

f.!F,AwT=C;* 

StJ'"'A=f' „ 

SUMF=uo 
SUW6= ■- 1. 

NCPTA=FL 
Do9I=l»2'-- 
0 jrwPFX(i)= 

D02I = 1 -.0 
T ( I ) =0 o 
D02J = 3 sNl 
JObOPP ( I 9 J )=’j 
2 JS1W(I»J)= 

Dp3I=1»m 
I OREP ( I ) =0 
JL.A5jT ( I ) =0 
PORT ( I ) =0 
TmFfSFK I )=-lo00 
T^LSDC I )=0=UU 

jc wait ( I ) =0 
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JDWAIT ( I ) =,) 

3 NnUE:(I) = '^ 

D04I = l,\tL 
0U( I ) =0- 

4 IPN.DXU)=0 
TMARVt(l)= oCr 

J0BNn=0 
CLTlME = 0aC' 
rCHANG=10 

111 IF( ICHAmGoLT^1u)G 0T01 00 
IF( I jjc' oGTo?00 ) GoToiu^j 
J0BN0=TJ!< 

JIf\'DEX{JOBNO)=] 

CALL 0TGE^n joOE'OjIJKs. IX) 

C MOW WE ARE ASSIGmImG THE FIRST ''j/C Fr;.' TH )S 

UDUDT ( J03NO» 1 ) = ( DUDT ( jOHK'n ) -ClT I > /T'-f 0 T ( ) -ifTr.' J'^'B { , 1 ) + 

iclTime 

D015J=2»20 

IF( JOBSfOI JOBMOjJ) .FO.O)60T015 

DDUDT ( JOBmo> J ) = ( DUDT ( joBMo ) -ClT P-’E ) /T^’ToT ( JOBh'O ) -^T ^ J'^B ( JOBr’o,J) + 
IDDUDTI J0t3MO»J-l) 

15 CONTINUE 

CALL ASFMC ( JOBMO sMMC >L-] >Iol) 

2**#WE WILL whether THIS M/C IS IDlE 

I F ( TmFmSH ( MmC ) oGTHB o 00 ) G0T0107 
IFlNOPTAoEOoOjGoToiOB 

CALL LABASnCN'^CjMsML) 

IF< lOPER(MMC) .GTcNLlGOTnlOS 

J0BPR(NMC )=JOBNO 

NOPT(MMC) =1 

N0PTA=N0PTA-1 

TmLSD(NMC)=-3<.00 

IF( jlAST { iVmC) 'jLReOlGoTniOo 

J1=JLAST(NMC) 

J2 = JO0PR(NiMC) 

J3=ISETCL(JI ) 

J4=ISETCL ( J2 ) 

Ti=SETUp( J3sj4) 

J5=IOPER ( MMC) 

T mFNSH ( MMC ) =T:'"Ap:'',C ( ^'-MC , ,J2 ) +TMJOB ( J? S 1 ) /wEfFCY ( J5 »MmC ) +T 1 
T ( nmC ) =T ( mmC ) +T ^4F^'SH ( mn C ) -Cl I ImE 
JCWAIT (MMC)=JCWAIU ( MMC )+l 
JDWAIT{NM.C)=M1 

OU( J5 ) =oD ( J5 ) +TMFf'SH ( mmC )-ClT ImE 
goToho 

10b MLSD ( mmC ) =TMAR^'C ( ^'MC > Jnb^'n ) 

TmFnSH(NMC)=-2oO 
107 NQUE ( NMC ) =NQUE ( NMC ) + 1. 

GOTOllO 

109 Jl=JOBPR(NMC) 

J2=ISETCL ( J1 ) 

J5=I0PERCNMC) 

TMFNSH(Nf-'0 = TMApM+( KMC , J1 )+TMJOB( Jl »1 ) /WEFFCY ( J5 , NmC ) +TMSET1 { J2) 
0UO5I=®0^^J5I+T'''FwSH(mmC)— Cl'FI''"E 



i ( T',' M c ) = r ( >' M c ) + r f'/i F f'.i SH ( [S' *./• c ) _ c i_ 1 1 f f 

jCi'/A I T ( M ''C ) = jCa’A 1 0 ( ) +1 

JDWAIT(Nt''C)=M] 

f.iD I,mF THE ntASoM C'F mEaT SYSTE;) CHAmlE 
HA ^Al(_ SYSCliG( I j;<' 9 i+HAMG,M sTMvXCCj) 

CLTimF=TMN7CG 

GOTOlll 

10 j NMC=ICHAMG 

TmLSD(NMC )=CLTImF 
JLAST (MMC ) =J06PR ( YAC ) 

K1=JDWAIT (NMC ) 

N0PTA=N0PTA+1 
I1 = I0PFR(N;YC) 

IPMDX(I1)= 

K2=JORPR(MYC) 

, JSTn( ) =0 

NRMOP ( !';2 ) =NP lOP ( K2 ) - 1 
Ll=JOeOPR (YMC 9 KI ) 

L2=L1+1 
I OPEF? ( YMC ) =0 

TmplT CK2)=3MPLf (K2)-TMJ0B(K2>L1 * 

P(K2) = (DUU?(K2 )-G-TImE-TMPlT(!C 2 ) ) / ( OUUT ( i<7 )-CLTl,Mh ) 

■ TMFNSH(Nr-^C)=-loOU 
I F( NRMOP ( K2 ) oEQoU) GOTO 116 
I F ( joBSEq (tC2»L2)»Eo°0) GoTol 16 
lA CALL M0VJ0B(L2»L1YK2,MOPTA9TMSET1 ».mL, irL^vEFFCY? 

IF( lOL.EOol )GnTo20Ui 
GOTOII 8 

116 CALL A^'LYS(^!'■.'lC9i<2Y^'t£A^:] ,MEAN 2 »'-'EAM3 » '•■'’EAya ,,vEAV5 »mEaM 6 »'''EAN7 ,SUM1 » 

1SUm2»SUm3>2U|vi4»SUm5 9SUm6»SUk7>mT»mT1»ITApU,ITAq12,ITAp13 9ITAr14, 
2 ITAri 5 *ITmr 169 ITAr 17» ITAPI B » ITAR19 , UAppt ,pCoST HCnST ) 

118 call MCASN(NL,,'iOPTA,TMsETi , S L ACK , I pOEx 1 , I mOExr 9 T ,OlJ ) 

117 IF(M7c»GEe2^00 )GoTo1?5 
IF{MToEQ.500)G0T0125 

•• IF^MToFOo lOOu )60T012 5 
IF(MToE0<.1500)G0T0125 
gotoho 

I2t MT2=MT-YLT 

- A M 1 = w F A N 1 / F L 0 A T ( r . 1 0 2 - 5 0 ) 

Am2=MEAN2/FlOAT (mT2-60 ) 

AM3 = MEAN3/FlOAT ( fp.)2-60 ) 

Al = ( SUPI -float (iV'T2-50 ) ) YFLOa I' ( 7-<;i ) . 

A 2 = (SUm 2 -F| oAT(fT2_50)^iA'‘''p*^2)/F|_nAl (vT?-m > 

Aa={SUiV:3-FL0AT (^'T2-50 ) ) /FlC.’.T {MT2-5C-1 ) 

STDl=6on'T (ABS(Al ) ) 

STD2=OorT (AB6(A2 ) ) 

STD3 = Gop T ( ABS ( A 3 ) ) 

PR I NT 1005 

lOOF F ORMAT { 5 X 9 *ST AT I 50 I CS OF JOBS 9 lGi\CRIivG FIRST 50 JRtBS ARE As 
IFOLLOWS*) 

PRINTiOOi »AM l »5T01 

l.OuT F 0 RMAT{// 579 *STATISTICs OF TlpE FOR WHICH JOB WAS IN THW SHOP ARE 
lAS FOL LOWS*/ 5 X »- 5 (MEAn VA| UE =■»• ,F 2 O 0 4 / 5 X 9 ^-STANDArD DEVIATION =if 9 F? 0 o 
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24) 

pf? ImTIOO? sAm2 9STD2 

1002 FOPMAT ( // i=;7 , x-ST AT i ST I CS FoR PC.'', -.LTy Tli'ls /'Pt AS FrLL0WS-x/5X »-X;- 
ImEAm VA( UE rrx »r-20H4/sX 5 ^-STAnUApD orviATirv =};-sF20a4) 

PPIMT1003 JAMS sSTD 

IOU3 Fo''’MAT(//57j^oTaTISTiCS Fop IClE 1 ApE Ap Fn^ 

iXs-sf-wEAM \/A| UE =-;f 9F2 Uo4/^Xs-};-STAmDArO DEVImTIpw =^jF70c4)' 

ami=mFAnia /Flo '\T { ^ 02-100 ) 

AM2=, means/float ( ,V02-100 ) 

AM3 = MEAM5/f^LOA T ( M02-100 ) 

Al= ( SUvA-Fl.nAT ( f"'!T2-lC0 ) ■!?A;"l^'r-K-2 ) /Fl^AT ( •• T2-1 01 ) 

A2= < SUMS -Float ( MT 2-1 GO ) ■!fA'-2'>'-x2 ) / Float (■ ’Tp-i oi ) 

A3 = ( SUmS-Fi.oAT ( vT 2-100 ) -x A'-'3^;--x 2 ) ZFl.oAT ( .'^T7_i Ol ) 

5101=5001 (ABS( Al ) ) 

STD2 = SopT (AC5(A2 ) ) 

STD3=SopT ( ABS { A 3 ) ) 

PP INTI 006 

FfiPMA r ( 5X »xS r.A 1 I ST I US nF inUS s I U,’ '.o'R I f.i*’ ■ FlrST 1 UO )Oi-JS AoF AS 
IFOLLOWSxm 
P plNllOOl jAmI jSTD] 

PPINT1oU 2 i.AM2 >STD2 
PPInT1UU3 sAm3 jSTDJ 
MT=MT+l 

AM4=MrAN7/FL0A T ( Mil ) 

A4= ( SUm7-FloAT ( ►•'T ) ) XAM 4XX7 ) /Fl'"'AT ( n'T-) -t ) 

STD4 = SQRT ( ABS ( Az, ) ) 

PPINTIO12 »mT 2 5f'iTlYAM4 5STD4 

FORMAT (5X»* NU^BRE OF JOBS WITFI POSITIVE LATENESS , OUT OF TOTAL 
1 JOBS# , I 5 , X ApE# , I r,/5x jxAVErAGE T T ARD I mESS -' f »F i n - 4 / sX 9*ST0 o DEvIAo -3 
2»F]0o4) 

klt=klt+i 

rF<MToLT«2 00)GnToii0 
PRINllOll jClTIME 

lOii FopmAT ( 5X jx-CloCk UImE =#sF20o4) 

KMP = 0 

003031=1 jN 
D03C3I 1=1 9 NI 
J1=JSTn( I 911 ) 

IF( J1 oFno0)GOT0303 

kmp=kmp+i 

303 CO^'TI^'UE 

PP I NT 1008 jKMP 

louR FopmAT C 5 X jxMiJf'uEp nF jnBS W A I T 1 mG=# 9 I 4 ) 

Do30l 1=1 9M 

I F { T mFnSH ( I ) olT o uF ) G oFo^O] 

T ( I ) =T ( I )_3^^FrMSH ( I )+ClTI^^L 
Jl=rOPFR ( I ) 

OUI J1 )=0U(J1 )-rMFMSF( I )+CLTlfiE 
301 Continue 

PPImT3 3 1 9pCnST sCCqST 

3l 1 FopmAT ( sX 9XO<. CoSTbx » F 2O o4/sX 9#C i^CoSTs:# 9F2C c4 ^ 

00306 !=l9N 


30/^ UTlS( 1 )=T( I )/C[ TI*'L:i-i00o 
PpImT-^Otj (4TlS( I )YI--x 

3 O 7 Foi^'^'iAT ( sX s-;;-M/C U T I L I SAT Ipm I S AS FS|.Ln!.!S-!-- / X 9 oP o o 7 ) 

PR 1 NT30a » I TAP 1 1 , IT'''rx 12 9 I TAR13 , 1 TA'x 1 4 9 1 T.\R 1 5 5 1 TAR 16 > I TAp 17 » I TARIS , 
IIT.ARIO, jT,'''R20 

S'-'S F ( c; X s^f T Ar'i- I ,''i (j’SS I ' 1 3 Fnbp lbs;- /5X » i I c; ) 

Dn3l3J=l9ML 

313 OUC I )=nU{ I ) /Cl i'l vF-r.lOC<, 

PRInTsIAs (rU{ I ) 9 131 9 ML ) 

314 FopmAT ( 5 X RATap uf l| I aaT ^rl^' I o^-‘ / 5X ? o . ? ) 

^003 NL=NL-1 

IF ( ML .*GT 0 S )G0 roi u 
IN'DEXI =IMf)EXl + l 
IF( iwDFXl ^lT.>a )Gr.ro^0(.'2 
IMDEX? = I,\!D[:X2 + 1 
IF( IMPEX2 oLTo3 )GOU02('0p 
2001 EX=EX+1« 

IF(EXoLT.1 o)GoTc2P^/ 

GOToi 1 5 

lOA PPINTllOl 

llOl Format ( //.5X 9-:!-i0g as ■''■AxlF.U'''i MJCCEh’ of JG'Bs is not p.UFFlCItLlT^-) 


G0T02v-'U1 

115 STOP 
EMD 

<rc *)f “X K ^’c -X’ -:c -x- '' iX -x- .'f. x- x x -x ^ -y- *x- -x- r- -y x- -iJ* x* -if -x- 


PC >x r.- rr X- ■)(' pX- ’^c rc ^ pf ^ •)« 








•jf ^ v:? U B R 0 T I E C A S m 

^ ^5 * -jX X- * ^ "A** •?(- ^ “)?■ X )1 X ■)i X. ‘X- -j/ X- "A* PC 3^ *3c pf y- ‘X* X- p(- X X k A »X : /* ;• X- 3: )! A- A -X k if: -A- -Jf -X- X- ^A< -Jf -X- -Jc If- # -Jf -Jf -X- # “>< 

$IBFTc SUP2 Df'CK 

SUtiROUT INC MCaSP ( ML »P0PTa ,T-:S£T 1 s2!.aC C 9 iT'OCXl 9 1 .VU£x? »T ,OU ) 
DljvEMSlOFi TIMAPVL(?Ci ) » JOUSCQ ( pM 0 , 2 > ,!'• jnB(?C'O,20) , Mnf'OP ( ?0O ) » 
iTMTOT {?00)=TMPLT (200) 9bJOT(200) , Ti'.bC!..’,M ( ?On) ,JIMOEX(200) ,JLAST(9) 
2 »jSTN(o»lC.O) » JOBOPR ( Q 9 ii.U ) , T-'AP ' 'C ( •'- 9 2 C G 5 9jr)BPP(n) ,m0PT (Q) 

3 9 Tl'lSD ( 0 ) » jCv'JA I T ( q ) 9 jOyA ] T ( n ) s'^^Ub i Q ) 9 A 1 pHA ( o ) 9 
4 StTUP(lO,l ) sWuFF+YlPjp) 9 1 3L TC L ( 2 O'- ) 9 T ' ‘F R's! ! ( 9 ) 9TySETl(iO) » 

5 I PNDX ( Q ) 9 ICPCM ( p ) YP ( 200 ) 9 C ( 2 C A ) 9 R ( pOO ) 

Dltv'FMSrnN DDUDT( pO'JspP ) 

DImEmSIom 3(P)9aU(o} 

DIMFNSIOM X(0)9K3(9) 

Co'-'M^m/ClCI / T*''’ApV-/plC2/ JST m 9 jpB'^pn / p| c 3 / jaOSF^. 9 YnmoB/BlCA/WEFFC Y s 
lIpNDX/BLCSlJOPfMP 9! O^T 9JL -'5 T / plC 6 / IvFi 'SI !/u| CT/TF'Aof/c/BLCa/TMSCOM/ 
29LC9/CLTlYiP/oL-10/Trv'T0T ,T ''P). T/oi.C 1 1 / j I Mb ox/ '-^LCl 2 /Np f-'OP /B lC I 3 /P ,C , P 
3/ULCl4/ISii3CL»oCTUP/BLCi5/OUOT/bLbT S/i'- 1 > m /BLC 17/ I Op LR/BLC ] R /Ex 
49ALPHA 

4/uLC19/TML?B 9 bbUOU/uLCpCi/ jCl./A IT 9 1 T 9NOUC 

integer SE3SEQ 
D0123IP=1 9N 
if ( NOPT a oFOoO ) C o 10124 
KJ = 0 

D0119T=1 »N 
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. KH=:; 

I F ( T mF mSH ( I ) o o uh ) 6nT m 1 o 
I P ( T I'.'!! , S D ( I ) u j T o u o ) Go 1 O 1 If' 

I F { NOLfC ( J ) = PC r. ) GOTO ] ] q 
DOl 20J = 1 9 i''L 

IF( IPNDX( Jj.i'.n. (-4) )GOTOl:>0 

I F ( W£l- FCY ( , f s I ) «< GoriO u ) GnTO 1 

K[! = !<H+1 

GOTOL21 

COF'TINUE 

IFfKii.EQ.. ■- )G0T0119 

121 KJ=KJ+1 

GoTn ( Is?) si N.iOrX? 

1 X(KJ)=T--‘LSD( I ) 

G0T06 

2 X(KJ)=-^lGU^( I ) 

6 i<n(KJ) = i 

llQ CONTINUF 

IFCl^joFn^'JlGoToi?^ 

CALL riM(X=KJsKA) 

NMC=KB(KA ) 

TMLSD(f'MC)=-3o-'0 
CALL LAGASNIMLiC sNYNL ) 

CALL JOBASN ( Nt YC s JOL 1 s JL sN 1 s I KDFX 1 ) 

nopta=mopta-i 

JOBPP ( MMC ) =JOBl 

JCWAIT (n'L’C) = jCWAIu ( NpO + l 

JDWAIT (Nf’C)=JL 

nouf: ( ,v,'’C ) =MQur c pm+ ) -] 

J1=JLAST ( NMC) 

IF( JlAST(mmC) oFo.O )G oTnl2? 

J2 = J0HPR ( ff'-lC) 

J3=I5ETCL (Jl) 

J4-ISFTCL ( J2) 

T1=SETUP( J3sJ4) 

NOPT ( I'.'MC ) =J030PP ( ?■' iC , JL ) 
j5 = f’,'OPT (L^’C ) 

J6= IOPFQ ( 

TmFmSH ( limC)=ClT I ml + T ] +1 "LjnLj ( J? s jq ) / ur F'F CY ( JA sN?'’C ) 
OU(J6)=GiU(ja)+ 1 f-’F mL'I-I ( ^'^•C ) - Ci, 1 1 ’■'£ 

T ( 1 =T ( I'lY-C ) +T’.':F“iSH ( mmG ) -Cl, T ImF 

GOTni?3 

122 J2 = JOBPP(F'''1C) 

J3=ISFTCL( J?) 

J4=J0l!GPk(PMCsJL ) 

N0PT(NMC)=J4 
J.S=inPFR( XFIC) 

TMFNSH(Kr'C)=CLTl[vlt:+TMSFTl ( J3 )+TlJOB( J2 s J4 ) /WCFFCY ( j'^ ,NmC) 
T { k'mC ) = T ( NPC ) +T,mFmSH ( NmC ) -Cl.T IKE 
OU ( JF ) =0G ( J5 ) +T mFmSH ( kmC ) -C| T ImE 
123 VonTINUF 
12A return 
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^IBFTC SUBl DFCK 

SUbpoUTlML DTCup ( joBmOs Iji.' » IX ) 

ViENb lON tHA'pVL ( ?0 1 ) , JObsEo i2''>0»2 ' ) j T^JOP ( ZCf’ ? ?0 ) ,NPf'OP ( 200 ) » 

] TmToT ( 20u ) = T;'- i-'LT ( 2-^^ ) :.DUi^T ( 2v.'0 ) 5 ALpiia( o ) , jU'ULX ( 2 00 ) s I SETCL ( 200 ) » 
2SETUP ( 1 0 5 T ) 9 p ( ?00 ) ‘. C ( pui- ) ,p ( 7tU ) 

CC-‘-’'’0’'>/BLCI /T .•A'^vL/,;lC 3 ' J^'BSEO » T' •’ Jnti / CLC 1 0 / Tr’TOT , T^'PLT /BLC 1 2 /NP?''0P 
1/BL C] 3/P !.C = R/r-.LClA / i SEtCL ? SETUP /BLCI ^ /tRfOT/BLCl6/^‘'1 »M/ 

2BI.C11 /J] MDEX/[:Lria/f:X9AL PMA 
Jl = JORF.O 

106 IFUUFQu 20 0)00101-1 

J1=J1+1 

GOIOIO 2 

101 Jl=l 

IF( j I mUuX ( ji ) o bn o u ) (jQTp-] 0 
IC'5 J1=J1 + 1 

IF { JIMDEX ( J1 ) „L 0 o 0 ) GOTOIO 3 
onToius 

102 IF( jIpDEX ( J1 ) oEn„0 ) 0.0101 03 
GOTO 106 

103 IJK=J1 

CALL RAMMUK ( IX 9 X 1 ) 

T MARVL { r J!< ) = T HARVl- ( JOBNO ) + ( - FX ) *AL0G ( X l ) 

1=0 
NOP = 0 
2 1=1+1 

A CALL RAN.^'Li;m( IX 9X1 ) 

IF(Xl.Ll.uO„l) jOBSlfOl JORMO 9 I )=1 
IF(Xl„nT.O„loAND„XloLEoOc2) JOoSEOf J0Li^i09 I )=2 
I F { Xl ;GT ..002 •-/■mMDoXI u i. i: oOu •:? ) jnUSEn< jObltOy I ) = 3 
I F (X] oGT..'0..3o,'\Mr)uX] .^lEoD-Zj ) J0USE0( .lObfin, 1 ) =4 
I F ( X] ..GT o (,)<./+ o ;X\!L) = x 1 u I E oQo 3 ) JOuSEn ( jOfipp, 1 ) - 3 
1 F ( X 1 .. GT 0 C ..3 o Af-'L L “ I E o (><= f ) jnuSCn ( jOi ’’"Os 1 ) = 6 
I F ( Xl uGT ■- Go A c .'vf-'L oXl 0 l 5 O'-. 7 ) jnJSEn ( JO^J^'ns I ) = 7 
IF (XI oOT.,b,7o Ai.'!- XI .LF.^'oR ) JC' ’Sc-Q( 1 ) =0 

I F ( X 1 oGT j U 0 0 .. j'lML o X 1 o j h o 0 £. o ) jol^SLo ( jOO'ir, 9 I ) = 0 
IF{Xl-GT„OoO)GnTn,l 

IF ( I ol'Oo 1 )GOTci : 

I F ( jOpSLf. ( jobr'n 9 I ) « ^-n 0 ^i.^DSEn ( jn,3.vo , l_i ) ) CjaTOA 
3 K0t^ = N0P+l 

IF! I oLTo2'. )G0T0? 

1 IF(NOPoEOo'.. )G0l04 , 

NRf-'0P( J0BA'O)=''i0P 
D 06 I = 1 » 1 ' 0 P 

M=JOBSFO( JOBFO* I ) ; 

CML nAM-^iUMC 1X9X1, ) . ; 

THJOR( JORN 09 T )=-/^i-PHA(M)*/^LOG{Xl) ; 

5 C0?4TINUE i 


rF(NOP„EOo20)GOT06 

N 2 = ^lOP+l 
D07I =M2 ,2r; 

TmJOB ( JOU.Mf)!. I )=0ouu 
7 J0BSEQ{ JOBNOs I )=u 
6 Ti=: 0 „C 


D08l=l ,NOP 

8 Ti = T14-T''-'J0B (.jr.tiN'nYl ) 

CALL PAMMUMt IX?X 1 ) 

X? = ( 2 P + 8 0*7] ) *7 ] +T,V'ApV[ ( Jr.BN'O ) 

DUDT ( JOB.^'n ) =X? 

CALL PAWYULK TXsXl) 
if(XiolFoOoI) i^e i+L(jon''' 0 )=i 
I F ( Xl oGT p 0 p 1 o Ai'vD oXl pLC oO° 2 ) I ScTCl ( JOu ^'0 ) =? 
IF(X] pOToU^. 2 “A^)DpXlcLE<Oo-:^) ISLTCjC jQb mo ) ='^ 
IF(X] pGToCp3pAKiDoXloLtoGo/'+) IStfCi (jobMo )=4 
IF(XloGToO: ApAk'DoXIolLoOpS ) ISETCij jOiiMo) =R 
I F ( X 1 oGT p V. u 5 p AMD oX 1 o lF pGo 6 ) I SETCL ( jORNO ) =6 
IF ( X 1 o O T o U p 6 p M U o X 1 - [_ £ o C p 7 ) 1 o L T C | ( jQb p ) = 7 
I(- ( XI pGTpOo? ' AiMDpXI u LL cGp.S ) ISlTCl ( jOdNO ) = P 
I F ( X 1 p OT p 0 o 8 o A,\iD p Xl o lL 0 Op o ) I SLTCl ( jOi'' Nip ^ = 0 
IFCX] uGTpUoQ) iGLT+| ( JO tiMfi ) = 1 G 
TmToT ( JOFiF'O) -Tl 
T MPLT( JOBFO) =T1 

return 

EmD 


C *■«■•«•***** ){■ -X- «- X x - 


■ -j; * x -x- r x- x- -v x- x- x- x- 


;• X x<- X s X X X X- X X -X X- a x x- -/ x x x- x x- x x 


X X 

* X , b U B R 0 u 1 I N F A S F C 

X X 


x-xx xxx-xxxxx 


X X X- * » X X X X X X X X X x x x 


f X X !(■ X X X X X X X X X X X „■ X ;; x -x x a x x x x -x x- ;; 1; " x ? x x x x -s; ;; -x 

?->IBFTC SU1312 OECk 

GUURoUT I ASP'-'C ( jOb^lO»’‘'‘•■C s'-*] 9 1^1 ) 

Dl.ViEMSIO'i JSTAM q , I'JO ) , JOUfEO ( 900,20) , JooQpr ( o 9 1 00 ) , Ti7A RMC ( o , ;>00 ) 

1 9 TmApVl ( 201)9 TmjoL ( 2 (H 0 , 9 U ) 

Co'''‘'''nM/BLC 2 /jSTA , j.qt>qqq/bi Ci/T'-'APV'|_/BLC3/.)nbS£n 9TMjn8/BLC7/TMARMC 
IBLriG/NlsN 


M''C=J0DSf-^( J0BN0 9 1 ) 

D 0 ll=l 9 NI 
M 1 = I 

I F ( jSTiV ( ppC, I ) oEQpd )GnTr>9 


1 COiMTjNUr 


I0L=1 

Pn I nTIOO 9 nmC 

100 Format (// 5 x 9 ^:-! 'U'lBCp of jobs uaitimg 'op m/c*, ii ,*arf "■■ore than too 

IX) 

RFTURM 

2 JST,'M(IG''iC9Ml )=J 0 qN 0 
J0n0P:M!':'iC9Ml )=1 

TmAR-'^C ( Ni 'C 9 JOL "n ) :rT :'’APVL ( J03N0 ) 

return 


END 

^ *»(• *X‘ I'i" A )%' 'X 'J'v'’X "X X .{ /v *)?■ “A Jv X 7 « ‘A a" X 


-X' -JC ^ -x- -x vC X i 'X X' -x X- X' 'X “X- x X- X* X- X ^ rr -jf -x* 



■>( it- a 'Hr ji- -Jf "m 4f -v^ )f , “ -)f -X ■^c' X” ''v X* /f X -)<■ -V- -X' '<■ -' - ''f )<■ i' *r 

-x^ 

* * SUBROUTINE 

* ■;;■ 


S Y S C H G 


^ ->f ^ ^(- .)f -M. .V .w .v^ .v,„ .j*. „v.. 2,^ .w, .V ;/. „«/ ,y^ V. .w. yy _j, ,, ^ ^ 

$IBFTC SUB 13 deck 

SUUrgU r u.ih SYo'-ii'o ( 1 J'^o , I CHA^'U j; 1 s If.-i'iXeCj ) 

C 0 M M 0 M / B L C 1 / T ' , A P V L / d L C 6 / 1 F ^ ' S H 
DIMENSiOi'I TmARVl( 2'^1 ) 5TvFMSH(n) 

I CHANG=10 

Tm1 = TnARVl ( I J'^U) 

T1''MXCG=TM1 
DOl 1=1 sN 

I F ( Tf'-iFNiSH ( I ) u lT o ., o uU ) GnTOl 
IFCTmFMSh ( T ) oGToT'iNXc^-icOTOl 

ICHAMG=I 

T^'NXCG = T^^F^'SH( I ) 

1 CONTINUE 

return 

END 

^ *}<• ^ -JJ- ^(. •^( X* X' ■^\r •?( X“ "X' /^‘ a" “X 'X 'A ■/<■ v\ “X A" X” •?' “'c y~ 'X "X" ■/<■ /\* •/(• */»' •70 “X -X a~ -JC* 7 •^i- y~ 

# ?f S U f3 R 0 U T I N E -v O V J O B 


( ’)(- X- it -X- -X- -X- -X- -jf -Jc - 5 f ^ rr -x~ -X* -X- 


r -x -x -x -x -x -x- -Jf -Jf -Jf -x * -X Of Of )f Of Ov* :f -'f )f of -x- m of o( xof ,f of of of -r x of of *: 


: of- 


L jjv -y. A( -)(. -)(- -V. _v. .vf. -J' ;f ^ 


JIBFTC SUB14 DECK 

bUcipoUT I Nih ynV jpLi ( (_ 2 »L 1 > !<2 ® ^'0PT A > 'I '.'iSE’f I 5 ^| > I OL i* '-EFfC Y ) 
COMMON/BLC2 / J ST.m , joBopp/ B l C3 / JOBSFn 9 T v. JOS’ /I' LC5/ JoE^pP ,NopT » JLAST / 
lUL'^6/'TNFNSH/uLC7/TMFo.MC/bi_ Cq /C lT I ME/ uL C ] 4 / I S£tC L ,S ETUP 
2/ulCi7/IoP-R/UlC20/JCWAIT,JUWAIT> NoUc/UlC |0/Tn’LSD 


COf'.MOK/8LC16/Nl »N 

dimension JSTf!(q,lOU) , JOunPR ( o , 1 00 ) » T-;F!vSH ( o ^ » JOBSFQ ( 200 , 20 ) » 
ITmjoB ( pOG »2 0 ) 9 MPMOp ( 200 ) s TnAo‘-"C (ospOC) 9M0pT (o) sJoBopip) 9 IOPERI 0 ) 

2» JLAST(9) 9lStTUL (2 00 ) ,sETuP( 10»10) 9JC!VAIT(P) 9JDv./AIt(0) ,NQuE( 9) 
3i.TMLSD(9) ,TmSETi (lO) 

DImEmSIo''; ■UEFFCY(99 9) 

NYC = JOBSEr (K2 5L2 ) 


DOT I=1»N1 


M2=r 

I F ( jST w ( f-'>iC 9 1 ) oEq<- 0 ) GoTn2 

1 Continue 

GOTO 3 

2 jSTM(N.vC9W2)=h2 

TN^Ap;';c(N:.iC9K2 >=clti;.ie 

JOBC PR ( Ml 'C »-'12 )=L2 
NOUE ( ) =MOUE ( Mf'iC ) +1 
GOT07 

3 IOL = ] 

PP I I'T 1 '..0 » 

IOC Format ( // 9 X 9 ;fTi-iE NOo OF JaES WAIT! Mb 
7 RFTURN 
END 

^ * jj. .jf K -X ■Jf -J! X ■" '!• I' ■' ■'■ ■'» ■”• ■)( li -if ■?•■ ■5'’ ■^^' “ •}•' !f -Sf 7 * 


ON ■' ■'/G---* I 1 s^GTI 00* ) 


* * * * * ■«■ * * * * * * 7* * It X- * * * * K- * * * * X 
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f -jc- X it -x* ^ -If n 




‘ii- it a )C 'A "A X- M -)f *7^ 'c- -jf -Jf ■ - -iv- ^ - A: it -A- X -\- ).* X- --s- -X- -JC --X *r X )t -X "■' "X -A -'t X -X- a* ''f* it -X- ''** -X- “X •<- it H -X- ir 

S U R K 0 U T r K E L A i-> a S N 


-y- -i:- .;{. ^( ;; )!• 


/, y. >/. J 


( -)(- -X~ -x -X- ~X X -)C~ i- ~x- it -X- X- “X -X- it it ■ 


Q it it it -x- * it it it it it ‘X- X -X- it A X- -X 'X X- -X- X- ‘X" -X- 'V -X- 

SibFTC i.UBi5 deck 

bUtJiRoUT I N L" L‘'^L;ASm ( KiV'C » r sN| ) 

CoHM0W/BlC4/1'JEFFCY5 IpmDX/BlC 17/I0PER 
0 I ^1E^!■SIo^l WtFhC'Y { 9 s 9 ) j lopEp ( 9 ) !-X ( 9 ) ? 1 pi''L'X { o ) 9 Ii< { o ) 

J = u 

D0ll = 3 >ML 

IF( IPNDX ( I ) oEOo ( - 4 J IGOTnl 
IFrWhFFCYl I oEo^Oo ODGoTc] 

J=J+1 
IK( J)=I 

X ( J) =-WEFFCY( I ?NMC) 

1 Continue 

IF( JoEQoO )GOTo2 

call MIN(X,J.K) 

L=IK(K) 

IOPER(NMC)=L 

IPNDX{L)=-4 

rftupn 

2 IOPEP(NMC)=NL+l 

return 

E M D 

^ * * ^ )(. * * ^ # ■;;■ w ;{• •;{ ■«■ -k- -x * Js- •»■ «- ^c- * * * ^ * * * * * ■» <■ * * r- * * 4{- ■}«■ ■>!•«•**■}<•* # * ^ 

it it 

* * SUBROUTI^'EJOBASN 

"X- 

^ ^ it ^ it X" -X if it it it A it X A X if a it it it < it )t '>X X- iC it it if if X~ if if i( -X if Xr i\ it it it if i( ;f Xc if * i< if if if if if if if if if if ir "X” -^f M 

SIBFTC SUB16 ^ 

bUbROUT I ME JObAbM ( NMC 9 jol3 1 9 J L s N1 ’ 3 3 ’ Lv5ET 1 ) . 

CaK-'MOfM/OLCS/ JOB pr jNCPT ,JLAST/bLCx^/3ScTCL9SETUP 

COaIIiON/BLCP/J.STN ,J0!30Pn/DLCi R/P ,C9R/eLClo/TMLSD,DDuDT/RLC9/CLTlME 
l/BLC3/J0nSFn9 r^fJOB/BLClS/pUDT 
Dp'tEMbln'-' DUD f!-; 00) 

UIf./LvSIOf' .jnbSLn (;? 9 U 9 pij ) 9 Tvjnb { ,'’■-■0 ,20 ) 

DIHEn'SIOw DDUnT(?o^ 9 20 ) 9 T^/■l.S0(20■..) 

D li'lEiNiS 10 JST:'' ( c 9 luO ) 9 J')tJOPP ( A 5 ] ) 9 p ( pi/vJ ) 9 C ( ?r ..j ) 99 ( 700 ) 9 X ( I 00 ) 9 ; 

IKRdOU) 

U I mEnS lO," JOi^PR ( 9 ) 9 iiOPT(o) 9JLAST(9 )»ISLTCl(20P) jSL TUP (10910) 9 
iT^bETKlO) 

KJ = 0 

2 D03I=l»Mi 

ji=jSTm(;.!v:9I ) : 

IFU1‘'Ho«.0)GOTar 

J 2 = J0B0Pr.' (N.vICs T ) 

KJ=KJ+1 

KB(KJ)=:I I 

J3-JLaST(i'‘MC) i 

IF(J3.E0cv.)G0T06 I 

j4=ISETCI (.13 ) I 



J5=lSETrL ( J] ) 

X ( KJ ) =Tmjo.W J] )^-iETUD ( l4i.JS) 

G0Tn3 

6 J4=ISEICL(J1) 

X < K J ) = T M JOB ( J 1 ? J2 ) + T mSfT 1 { J4 ) 

3 continue 

CALL iV IN ( X>.KJ ) 

JL=!<B (KA ) 

JOBl = JSTN(^'MCsJL) 

return 

End 

Q ik -JC' % rr ')c -jX- )c -;<• rr -J,' -Jf -)(- ): .v -X' X X- •?( X X- X X X X' -5C- Xr X X- X- 

X X- 

X X S U B R 0 u T I E A .M L V S 

X X 


X- X- X- "X* X- ”A* X X- X X X- X X^ X X X 


XX X X X X X XX X- X X X X X- X X -X X 

SIBFTC SUIU7 DECK 


34 -( y. 34 


: J'- * 9i -;;■ -k * * -;;• -x *'.!-!!■ if * * -ff- if- -;«■ * -x- if- -Sf- -!(- if -» * * if- ->? -«- -;< 


bUiiROUT I n£ A\ii . YS ( N'.iC , k; 2 i "•'’EA k; 1 j> "'EA f '2 » "LA\i 3 5 f'EAMA s ^-E am 5 »''''EAm 6 » f-'EAw "i 
‘ ISUMI »SUM2 »5UM:i»SUM4»SUN’F s.SUM6»SUI'i 7,MT s.f-Tl ,ITAR11 ,ItAR12»ITAR13> 
3ITAr14»ITari5,ITAr16,ITAPi7»ITAr18,ItAR]Q,ITAp20,PCOST ,CCoST) 

D I mens I or-' JI NPLX ( 2 00 ) , Ti--iSCOM (200 ) s DUDT ( 2 0o ) sT-'^ARVL { 2 01 ) , TMTOT ( 20C 


1»Tmp[ T(2^0) >T ^'■ApMC ( R » 200 ) 

COMiVON/BLCl/ToARVL/^LCT/TMARi-iC/BLCi S/DlJJT/i.LCp/TfOSCOM/BLCiO/TMTOI 
1TkPLT/BLC11/JINDFX/BLC9/ClT Jf-iF/3LC]3/p i.C»n 
DIvEniSId^' n(200) 5C(2('C) »o(2'-'0) 


REAL MEAN 7 

REAL MEArn = MLAN2 sMF.ANS 
REAL MEAN4=KcAN5 sEEAMS 
TmSC0M(K2 )=CLT P-'E 
T l = TMSC0r1 ( 1<2 ) -Ti'^ARVl ( K? ) 
T 2 = TmSC 0M ( i<’2 ) - DUDO ( K2 > 

T 3 = T1-TmTo3 ( K ? ) 

IF(T2oGT«0o )G oTn3 
G0T02 

3 MTl=MTl+l 

MirAN7 = r'EAN7+Tl 


.SUE,7 = SUM7-f I'lif--x2 
2 JINDEX(E.2 )=0 

IF(T2P..T.- (-20.S ) ) lTARn = lTAPl-!+l 

lF(T2'-0Lo {_2tP- ) uAnu>.T,?olT^ (-lEo ) ) i TAr 1 2 ^ 1 jAR 1 ? + l 
IF ( T2«Gh. (-15 - ) T2 »l To (-] 0 - ) ) 1 T^nl3= I TAR13 + 1 

IF(T2oGLo(_10o) ^ AmDoTFo! T „ ( - p =, ) ) I T," 2 1 a = I T/' p 1 4+] 

I F ( T 2 aGEo {_p . ) T 2 oj Toj o ) i TApi 3 = 1 r An P-+-1 

lEdEv-GEcO^^Oo AnO^T; '•LTcFo'^ ) ITA;U6=IT/.p-! f. + i 
1 F ( T? c CLo p uO - am J vT2 - l.T d Oo 0 ) I TAri 7 = 1 T Ap i 7-f-l 
I F ( T 2 V U L o 1 0 o 0 o A^| D o T 2 L T « 1 0 ) I T Ar 1 p = I T Ap ■■ n + ] 

I F { T 2 '--GLo ] q oO oHmDo T2'-' LT 0 20 0 ) I TAd 1 0 = I T/\P 1 n-f ] 

IF(T2oGE-?0oO ) ITAP20=IT/'n)7a + i 
Fi'T == T 4- 1 

IF(mT<,lTo 5 )GoTn 
MEANl = MEANl-fTl 
MFAN2=F’EAN2 + T 2 


!MCAN3 = MEAfi3 + T3 
bU'Ml =SUm1 + T 
bUv,? = i.UN:2 + T?'; ^-2 
^ ^ M 3 — A U N-'' 3 + r 3 2 

IF(mT„lE»] '.ujCOTol 
,MFAi\i4 = .viFAr'.''^ +-T1 
i■lFA^N3 = ^',FA^'^+T? 

M F A 6 = F A Ni 6 + T '■( 

Sij-’'!4 = £uma+31';-;;2 
SUm5 = 3Um'^ + T 2 ’! 

SUM6 = SUm6 + 33jh;2 
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rF( JoFO, 1 )r.0T02 
DOll=2»J 
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END 
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F X X X ii :t it X x X X x x x -x- x x- -v x x x- x ;; -x x r. x x -x x -x -x- 
SIEFTC sup, I 9 deck 
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J. 


^ 


^BALL RAMHU'^ CIX5XI) 


T“T)DBT'CJOBI‘fOl (2+3* 11X7 
L-J^JII- .+ -II-iARyL (. JjaEIIO.) i 

i 


<^CALL RAITNUl'i(IX,Xl) 


^»<R} 
(R- 



XS 

Xl 0.1 X IBS 


I setclTjobnoTXT 


X 'X 

0,1 XI O.X^ YSS 


fs ETCLCJOBN O )^2 


■JES 

|lSETCL(J0BR0)^3 



ISETCL(J0BNO)^-4 


IS 


■0,4 XI 0.5 --XiNS 


-^R 

-R 


R(f 

•X 

■■ IS 


Esetcl ( JOBNO ) +-5 


<as.5 XI O.G X, ^ 


3l 


Fig* 6- (ContinuGd) 


,D3': 


^SSTCLCJOMOXXj' 




124 




IS 5 


Srjp.ROFTi:""! ASFllC 
(JOBrO, FiC, lOL) 


/ 


l.'rc-.- JOBSIO (JOBFO, 1): 


1 


/ 


\ I—- 1, ill /'•' 

/ 


1 1 1 


, Is 

JSTIi (JKC, I) 


133 



A'UI 


.. 1 ,, 


lOL- 


r 


£ 


-j-j— , 

j u-j± L jCU.‘j J 


J3TK (l.BC, ?.!1) JOBIIO 




‘ JOEOPR (IIMC, Kl)-^ 1 ! 


t 


•’ TRAPJ-C CR^C JOEKO) 
‘ Ti'AP’'.3i (J0I'’'"0) 


7. Flow Chart for aSFMC 



123 



Fig. 8. Flow Chart for SYSCKG 
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Fig. 13* Flow ^ha.Tt for MLYS 
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* " 'I A T p k e r r’ a '•! 

■)( 

r ■!< ■> •” .>• ;; ,■ ; >; i, .. .v >, 

Dl JP ' o ! 0 ( ] .1 ) 

k r L L M > L 1 1 .1 •> L P| 2 « L P S 
CCpkOiVOr-Y/i:.;.,) ■, fc .'L,:'"!- 

'> ( 1 V 1 G ■* 2 ^ ) 9 L '(. ( ">0 ) 5 ( 1 ' "iC 

DI'.iFNSln''! i.':T‘i(2,}) 

DlkFMSjpf! ipA' (pi^DslCoi (P'P) 

Nr/'D»N 

KITM=^ 

r>l 

L-1 

IPHFXrl 

Nrs=n 

k:';=i 

D01GCII=1 Jk 

nnicoij=i,M 

A ( 1 9 J»M) =^.4^!PNnY5 ( Y5 ) 

IF( 1 mLP., j)m( I , J,M) =1 00 ^ 

1001 COMTIM'UF 

PRInT» ( (A( InJsM) 9 J=3 , 1 = 1 

LB=o, 

Un=A(l»2*l) 

N1=N-1 

D01I=29N] 

1 UB=UD+A(l9l + l9l ) 

0B=UB+A ( N 9 1 » 1 ) 

URlrUB 

13 noui=i,fi 
D014J=j9k 

14 Li(l9j)=A( t9j»k) 

MIS=MI5+1 

CALL ASSIGN((5 9L>LB 1 

IF(UfLLE»LB)Gnl02 

IF(URl„LT.LB)nOT012 

f'!l=F 

1 ( 1=0 

K 2 = C 

Don 1 = 1 9 w 
D011J=1 9 P 

IFiAtT 9 affi. U )k'l=i<l + ] 

IF(A( I sjsk) .Fi'.oU. ) K2-=K7-(-1 

11 cowri’iuF 

I F t { F 1 +K2 ) . F.n „ ( ) ) GO To 1 7 

Cali pEGiicT(ii9P9ip!.ic) 

PPINTj'm* Ik? IC 



n 93 P ) 952 ( 10 , 10 ) 
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inow(i<M) = ip 
I COL ( !<?■'; ) = I C 
KM=KM+1 

CALL PA'?!] (13,K',IQ,IL,LL1 L.) 

CALL PAr? T 2 ( ij 5 M 5 1 p , I L , I R ? » S 2 > L L ) 

PPIMT ,L01 9L82 
f FtLfSl-LT o'Jtj) I'''0 EX=InDFX + 1, 

I F { LB2»LT oUli ) 1 ^IDLX= I ('.'Lpx+i 

imdfx=imdfx-i 

I F ( I nDEX f FOi, I. ) 

Do 3T = 1 ,^> 

D04J=1 ,N 

A ( T » J»M1 ) =S1 ( I 5 J ) 

Ad »J»IMDFX)=S2( dJ) 

4 Continue 
3 Continue 
BlCMI )=L01 
Bl( index )=LB2 
GOTO? 

6 IF(LB1.LT.lB 2 iGOToe 
BL(M1 )=LD2 

Do 9 1=1 »M 
DO 9 J=1,N 

9 A( I »JsMl )=S2( I »J) 

GO TO 7 

8 UL(Ml)=Lr31 
D01DI=1»N 
D010j=1,N 

IC Ad.J.Ml)=Sl{ I »J) 

7 CALL wIN(BL »INDEX»M9LB3) 

L=INDEX 

LB=BL(M) 

GO TO 13 
2 PPINTIOOSUB 

100 Format ( 5X »«THe , OPT dOAL SEcENCE is i-2-^-4-5-6 M#,FRo4) 

60T015 

12 KlTM = !<:iTfHl 

ubi=lb 

KTNCKITm J =M 

Do 30 I = ldNDEX 

Do40J = l,fC,ITM 

IF( IoEO.kTnCJ) )GOTC30 

40 Continue 

KN=I 

IF(Bl( I ) «LT oUbl )G0TC?1 

30 Continue 

GOTO 45 

31 M=<M 

GO TO 13 
45 DO 20 1=1 »N 

PRINTdl dA( I 9 9 J=1 9 1'') 

20 Co^'TU'UE 

101 FOPMAT(//5X»6(F2u<in ) 
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I F C 4 ( 1 J !. ■ ■ ) „ [-■,•'. , ^ ) f-,;- TO] 
i'-. Cp'-'T I 
inn'^ JOwSrn(i)=i 
JCf5SFF'(2 ) =J] 

!<=-^ 

IF . ^6 J,?:r JO!'..';,'" ( !/ ) 

I M >< oi J „ ) .jr'l ol CU 7 

Uf1C'0/i,!- 1 ..M 

II' ( A ( j 5 1 ' I ) j 1 ' ! I , u ) {] n T 1 

Gnior '4 

|<: = K+1 

JOFSFGC' ) =J 
GoToI.OG 
1v:vj 4 Co\'Tr.MUf-. 

1*o.>7 f[ ( jOt’or.-’' ( 1 ) .. L jniivjLo ( ) tioTni 008 
P P I MT 

luvo F ■''PM A'! ( oX 9 r 1 - 1 L OLnU^-'iCh Is vp'l F I: •'.C 1 1 ,[_ P* ) 

cnTni‘=. 

ICup n^I^lT lui ] s ( jnl;PLiQ( I ) , I =i jk- ) 

1011 f OPMATfPX ^X'Tili. MlprUj: TJ''-P StOUtfiCt. I S ?' / ^ X , ] 1 ( 1 8 9 -;{• — -fs- ) ) 
15 STOP 

('■><■ ■'! « •)' « X «■ •!' i' !'• !< ;! X •' ■)!• x V ;?• i: M «- !; ” X -X X X X- X > ;X i. i' -x * ;•■ j;. if- -x- -X- }' -x if a- -x- -»■ -'f -K- 

■» rr 

*■ ^ U I? 0 U T I M £ p. o S I G N 

* 


G ^ * * x it- -x ;; x ■;«■ -x x x -x ;; if- r i;- * -8 -x -x x- -<■ -x- -x ■»; x y. 

oUuRO'JT I Ml- ASS 1 Gni ( o s 9 L b ) 

rf:al lb 

0 I ML'.vS I ,'^''1 li ( 1 o 9 1 0 ) 4 O' ; 1 =■ ) i- np',', ( 1 J ) y LoL ( 1 o ) 

DO 1 I=l9M 
DO 2 J=1»P 

2 ■ D(J)=-i(r9j) 

OALL r'l ' D » '■' 9KT jpw I V ) 

Rov* ( I ) spr-: TM 

DO 3 J = l9., 

CA*R f I » J ) 

IF(CAv£PuiOO. lOnTps 
B( i»j)=ij( i»jr*-vr-’n 

3 COI'JTiNUC 

1 CONTINUE 

DOA T=fl,>! 

Dr;3j = l9N 
5 D(j)=lH.j9l) 

call '“ir' { DiVsPT jfO'TN ) 

CPL(I) =C:v’IN 

0063=1,0 

CA=B(J,I) 

IFiCA.FPvltC;. )G0T06 


* -X- x- -i^ -X- is- i: i<- « 
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— Cf'' I I’l 

6 cr'rir!!',iur 

4 COi-lT I .'iUr 

DO 7 [ = ] ,r. 

7 14' = 1 . l;. + ''’OV ( r >+Cr'| ( ! ) 

ri'n 



obi.!nnu f I f.ii. '.M. uni r(L;»f 5 In sic.) 

CO. U {) ,/0KY/I'70. t ic: Lsi.'i 

ur'i.MC.Ir'U 1 r>0‘- ( 7u ) V I Coi (p ) 

^ 1 ’.tM b I pi'' t- ( 1 r, i, ] r; ) , ( j n ) , n ( 1 r; ) , X ( ?n ) , 1 r r ( 7r' ) , I r C ( ? n ) 

Ki,=r, 

no u = i,;v' 
no 

Anr=r { I , j ) 

IF « A!’C,,fOoU. JOUTo? 

GO ro 1 
L=n 

Ksu 

IF (Ki'. .00.1) GO TO 8 

K1=:KM-1 

006 f J = 3 »!<1 

IK ( ULOv J OOWt I J ) . AmUo J oFQc I Col ( I J ) ) GoTni 
6 ■ COMTiWUr 

8 DO 3 11 = 1 ,N 

IF( TT.'^O ,J)O0T03 
L- L+l 

D {L)ali( I M I ) 

3 CONTlflUf 
D05 f 1 = 1 ,W 
I Ft 11 .Co «. I )GOTo 5 
KaK + l 

f: (K )atM n »w') 

3 COMTiNUF 

CA| l *'•*10 (0. ! »rT sP-'-Um ) 

CALL ►•’IMtFfL r,C'1ir) 

K1 =KL + 1 
IKO (KL ) = I 
IKC <KL )=J 
X(!<L)=RMIM+C.’11F: 

CorTINUE 
0041=1, KL 

X{ I j=-x< n 

CALL. '■■INtX.KL»nn»rWXI 

IR=r<f^t''-GV ) ' ' 

ICa IKCtMM) 

RETUI^M 

FHf) 
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r" -X X 'X x- fc if ’X' if x -jf i( x x x x ’f 
if if 

if “X 


X i. -X- x X- r X -x *' if -X if if i( Yr if X if if if i( if if X if >f if if- if if if ->f if if if if if if if if if if' if 

if 

R 0 u T I E P A P T 1 if 

if- if 

^ if .)f if if if if if if if X if if it X i: )f X vf ii* )f if K if X if If )f if -X il -X if if if X- -X X X X r if ;f if it iv it- if X if X if if if i. if if if if -Jf if if if if -K- if if 

iJbtiROu'T I ^It PApT 1 ( u s s I p » I C » I 3l sSl 9| u ) 

RFAL LRlsLR 

D I MEm 5 I 0,'V i-. ( i 0 ? 1 1: ) 5 J 1 (1 0 ^ 1 0 ) 

LFU = LB 

DOl 1 = 1 

D01J=1 ,N 

!F( I.FQo Tr:)r.OTL'2 

IF( J.f’Qo lOnOTOS 

bl ( I *jF=y (I » J) 

GO TO 1 

3 Si ( I ,j) = iu..o 
GO TO 1 

2 IF(J.FQ«IC)G0 to 4 
Si ( I > J ) =lOao 
GOTO 1 

4 Sl(I,j)=B(I»J) 

1 continue 

Sl{IC>lR)=l0O. 

CALL ASSIGN(S1»N»LR1 ) 

, return 
END 

if ^ ^ ^ if i^< i*. if _'f if if if ){ if if if if X if if if X- if )f -X if if ir i- if *X if if ii” if it if if X if if if i-- -X- )f if if Jf if if if if if if if if if if- if if if if 

’ , )f if 

if S U B R 0 u T I f‘« E o A p T 2 - if 

if if 

if .)f ^f ^ if .|f ^ ^ I' JJ* jji i{ -X- if if if it- X i' if K X it if X' if if X X i' if 'X X if X -X 'f it J( if X* )t if it i^- if if X X- K if ii '/f if if if if if if if 

subroutine pArT2 {3 5N,IR9IC>lB7jS2!*L‘-') 

REAL LB 29 LB 

D i.vEns Ion biiOml) ‘j->p ( i o ^ i u > 

Lr2=Lr 
DO I I = 1»,N 
DO 1 J = 1»N, 

IF( KEQo IR„ANnoJ.FOoIC )G0T02 
S2( I ,J)=R( T sJ) 

GOTOl 

2 S 2 (I,j) = rJCo 

i CONTINUE 

CAl.i. ASS IGm ( S? sN ?! B 7 ) 

Rf TURN 
F^'D 

X if i;( X X" if if if il if X }( X K K X iE X X- i’ X '' "'t X X X -K X X ); X i( )f >' 'X* if if if if if ii- K -X -X i! iA if if if if X* ic if if if if X if if if if if if if if if i( if if if 
if if 

if b U B R 0 u T I M E MIN if 

if if 

?f if *lf. if if ^ If* if ►X' X <%' if if if i( Y if if if X X if ‘X it X* if if -X- it 'f ^f it' i\‘ if 'X if if -X- if if if if if iC if )f if it if if if if "X if if if if if )f ^ i| if if if if if if if if if 

SURROUTINF' MIN ( P sN »< » PM I N ) 

DIMENSION P(lu) 

K = 1 

SUM=P(1) 



IF(N«f:0«l )G0T02 
DOl I =2 sN 

IF(P( I ) „GT,SU'.')G0T01 
K=I 

SUlM=:P( I ) 

1 CONTTNUfl 
R;'IN' = sSUM 
RFTURM 
END 


jbEntpy 



